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A Period in the Siatory of our Planet. By Louis Agassiz, 
Doctor of Philosophy and Medicine, LL.D. of Edinburgh 
and Dublin, Knight of the Order of the Red Eagle of Prus- 
sia, Professor of Natural History in the Academy of Neu- 
chatol, &o. &o. 

There is something peculiarly fascinating to the human 
mind in inquiries into the past history of the human race. 
What power has placed Man upon the earth, and called him 
to be its lord and master \ Was he the first product of that 
creative energy which called forth the thousands of living be- 
ings upon our planet, or was he preceded by other creations T 
And what was the conformation of this earth before the energy 
of his mind, and the labour of his hands, hod impressed 
upon it the indelible stomp of his existence ! It were easy to 
multiply these questions, but difficult to give a just solution 
of them : for the obscurity that conceals the early and remote 
yields but with difficulty to the torch of inquiry, and, when 
we even succeed in penetrating a step or two — in opening a 
slight path to the succeeding inquirer, the environs of this 
path become enveloped in darkness still more dense. Where 
it is man himself that still speaks to hia fellow man, where 
he himself relates to him the history of his fortunes, wo may 
no doubt more readily speak of nnderstanding, of a right 
comprehension of occurrences ; in a word, of knowledge of 
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2 A Period in the BitUyry of <mr Planet. 

the past. But when the sources of histoty dry up in the in- 
fancy of nations, or only bubble np in the f;unt glimmer of 
enchantment and fable, the answer to our cmious inquiries 
becomes more difficult, and the supposed resolution more 
donbtfoL But who can resolve the enigmas which lie buried 
in the dark night of Time, antecedent to the creation of our 
speciest Who is in possession of the spell that is to r^se 
such hidden treasure t 

" Where men are silent,'' says an ancient proverb, " stones 
moat epeak :" and daily experience adds new confirmation to 
the saying. And they speak to us, the stones and the rocka, 
the mountains and the valleya ; but each has its own language, 
and each its own modes of speech ; and like the tribes of 
America, none understandB the language of the other, nor is 
it given to every human intelleot to acquire the language of 
all, and in their peculiar expressions, to find the answer to bis 
queries. Is it to be wondered at, that there is still so much 
interrogatory, and so little answer that is really understood 1 

But what has been done awakens the hope tiiat something 
stjll better and more beautiful will be discomred ; let then 
every one who can contribute his mite to the increase of the 
general knowledge do so iearlessly : however small it may be, 
it will not be lost. 

It will earaly be percaved, that I refer to Geology ; and in 
fact, it is this science, and it alone, which promisee to g^ve us, 
some time or other, a satisfactory answer to the queries which 
we stated at the outset. It is the only positive science which 
endeavours laboriously to wring from the past, what it has 
long shrouded in a veil of nocturnal obscurity ; and what it 
does not find here above, it beats, hammer in hand, out of the 
obstinate rock, by the dim Ugbt of the miner's lamp. It takes 
the torch from the hand of the historical antiquary, to pene- 
trate still deeper into the obscurity which is unenlightened by 
mythology or tradition. For it has taken the history of the 
Earth for its problem ; it will enquire what was there when man 
was not yet there ; what lived before creation had crowned its 
work, by the formation of that being who alone can render 
himself intelligible to his race, by language and writing, across 
remote space and time. 
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Ponoerly BOaroe attended to, it is onljr in veiy recent tkaes 
that Geology has risen to the rank of a acienee. The eolntion 
of the enigmaB was sought for in a different way ; people 
either rested satisfied with what they r^arded as immediato 
divine revelation, or sought to gain their end by metaphynoal 
inrestigatioa, and endless sets of inferenoes, without being 
very partioular about having a foundation for them in fact. 
To interrogate the Earth itself about its history, was a notion 
which was late of oconrring, bat whicb, onee it did ocoar, was. 
so muoh the more zealously acted on ; and we may now s»yi 
that Gecdogy, like aH new soienoes, has ba a while become, 
the fashi<Hi. 

And a most comfortable thing to be sure is such a scienee,. 
in which the greater part still remains to be done, iduoh as 
yet pcwaesses no history, or at best, the history of a few de- 
cades 1 Moreover, it is a science, for the prosecution of 
which, collections are necessary. One can gratify one's dilet- 
tfuiteahip under the semblance of performing a serriee to 
science. Which of its sisters, then, can contend with it in 
the possession of such captivating qualities! Mot one of 
them I And it bids fair long to remun the bosom-child of. 
scientific amateors, and of the rich Mnoenases of poor natn- 
ralista May it derive from them all the benefit that it can 
derive, before they become tired of their plaything, and oast 
it aside for a new one ! 

I hope I shall not be accused of seeking to follow the 
fashion, in introducing a subject belonging to thia my favour- 
ite science, which I have pursued with great predilection, 
and which I am now desirous to treat of, because it perhaps, 
more than any other geological subject, trenches ujwo every 
day life, and is thus interesting for a wider publie- The mat- 
ter in hand is not an epoch, which lying at an immeuee re* 
moteness, comes scarcely into indirect relation with onr pre- 
sent one ; it is an epoch of which the vast remains still stifis 
whole tracts and provinces under their deadly iufinences, and 
oppose themselves, as it were, like powerful dykes, to the 
progress of civilization ; an epoch of which the remains at- 
tract so many tourists to onr native Switzeriaqd, who,, lost' in 
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4 A Period m the Hhsiory of our Planet. 

admiraiion of their sublimity, never dream, that what excites 
their astoniahment, ia but the ruhis of departed greatnesB. 

It is to the Glacierg, and the parent of that gigantic family 
—iheQlaeial period, that I wish to draw the attention of my 
jreaders. 

' ThTough the inquiries of Geology, the conviction has be- 
oome finiversal, that onr earth has not always existed in the 
BOrne form that it does at present ; that the ineqnidities of ita 
dry land, and the extent of its waters, once presented to the 
eye a totally different appearance from what tliey do at pre- 
sent ; that it was only by degrees, and by means of mighty re- 
volutions, the Influence of which elevated entire districts and 
inountain-cliMns, and depressed othei-s, that the &iia. cruet of 
the globe received its present form. These revolutions, to in- 
quire into the results of which, in particular cases, forms one 
of the great problems of geological inquiry, are the pillars 
upon which the history of our earth is founded, the march' 
rtones which separate the sections of their periods of develop- 
ment, and determine their different t^es, — relatively only, no 
doubt, for the determination, even approzimatively, of the ab- 
8(^ute length of any such epoch, is still an unsolved problem. 
We know, that the chalk is more ancient than the tertiary 
formations, more recent than the Jura series : this we know, 
with perfect distinctness ; but how long the epoch of the chalk 
lasted, what period of time elapsed during its deposition, this 
we do not know, nor have we at the present time any data for 
determining. May we soon receive such by the industry of 
our geologists ! 

A peculiar creation animated the earth during each sepa- 
rate period that elapsed between one revolution and another ; 
each period had its own creation, its particular type of organic 
existence, and, as in the history of mankind, each great epoch 
of culture receives a particular stamp, by a particular direc- 
tion of the mind, peculiar to theepooh,so the totality of Hvicg 
beings which existed upon the earth at a certain geological 
period, and the remainsof which we Snd entombed in its entrails, 
impresses upon this period a stamp which cannot be mistaken. 

Our present geology rests ^most solely upon an acquaintance 
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witii (he remaina of these different oreatioD0) and for those 
who are ekiUed in it, the eight of a single charaoteristio fosul 
is often sufficient to determine to what formation its stratum 
belongs. 

However little then-~at least for the older formation^ 
down to the tertiary — it can be oonteated, that each epoch 
possessed a Fanna and Flora peculiar to itself, and that with 
the termination of every anch epoch, the collective species 
which formed its Fauna vanished from the series of living be- 
ings, to make way for other q>eoies, as little can it be doubted, 
that the creative energy which cidled sSi these oi^nisms into 
existence, approached but by little and little, and through many 
gradations, to the creation of those forms which enliven our 
present earth. Nay, it can even be shown, that in the great 
plan of creation, by which the distinct periods of the ap- 
pearance of living beings were regulated, the very commence- 
ment exhibits a certain tendency towards the end, betrays the 
issue towards which it is striving ; and, in the series of verte- 
brate animals, the constantly inoreasing similarity to man of 
the creatures that were successively called into existence, makes 
the final pnrpose obvious towards which these successions are 
risiog. In respect to the invertebrate animals, the inquiries 
instituted from thb point of view, do not yet suffice to give 
more than indications of a similar aim in the plan of creation. 
It is certain, however, that the farther back we penetrate, 
— the more ancient the formations that we investigate, — so 
much the more dissimilar do the forms become to those now 
existing, and so much the less can there be any idea of their 
identity with creutures of our epoch. 

This tocretising dissimilarity of forms, in proportion to the 
age of the strata, is so striking, that a recognition of it has 
misled many to the false conclusion, that natwe at first made 
but very crude and imperfect attempts in the production of 
liring beings, bnt that afterwards, upon perceiving her errors 
and short-comings, she had destroyed the work of her hands, 
and called a new creation into existence, nntil after many 
unsucoessful attempts she had at length sacceeded in calling 
into life the crown of her efforts — man, and a creation cor- 
responding to bis wants. This false inference rests ttpon t^ ' 
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same one-alded apprehension of f&ate, as the view which dii- 
oems, in our present ore&tion, a repetition of theae attemptSj 
and aesnmee a scale which the idea of the perfect org&nism ia to 
ascend, in order to be finally developed in man in its fullest 
blossom.' There can be no doubt, that a polypus, or a worm, 
10 more imperfectly organized than a mammiferons anininl, or 
man, — more imperfect on principle ; but doe« it follow from 
that, that these creatures are more imperfectly organized for 
the situation to which they are destined I Is man a more 
perfect being in the water, than a fish is in the air ! Cer- 
tainly not. 

And what is applioable to the gradual development of the 
idea of the perfect organism in our present creation, taken 
collectively, can also be shewn to be applicable to the de- 
velopment of the same, through the gradations of the geologi- 
cal epochs. 

If we must admit that the oi^anisms of the greywacke, 
viewed as a whole, are more imperfect than those of the Jnra 
formation, and the latter again more imperfect than those of the 
tertiary period, so, on the other hand, we must not lose sight 
of the fact that they correspond most exactly to the circum- 
efcanoee under which they lived, and that they were just as per- 
fbot under those circumstances as our present creation is in 
the present epoch. Would it have been a better adaptation 
to have placed men upon the narrow islands of tho Jurassic 
ocean, instead of those oneonth reptiles which peopled its 
shores t Or ought the clumsy pachydermata, which grabbed 
through the morasses of the tertiary period, to have swam 
about in the hot seas of the greywacke t 

Let ns endeavour to give, in a few sketches, a view of the 
more ancient epochs of the earth's history, in order to arrive, 
in the simplest manner, at what is to form the immediate 
subject of our inqnhy. 

We cannot here attempt any thing like a detailed view 
of the formations with which geology makes us acquaint- 
ed ; we can only indicate by a few rough strokes the prin- 
cipal points in the grand picture of the earth's history. 
There can, therefore, be no such thing as any very strict geo- 
' logical sifting. I here unite, as one formation, tAe Jirttperioch 
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«f life to tht oottciuiion of the eoal period, ia whiob, no doubt, 
three periods might be diatinguished, . daring nhioh flah Bp> 
pear as the highest development of animal life. In Iik« 
manner, I comprehend the oolleotive series of strata, from 
the Bolhiiegondes to the MueoAeikalk and Kevper — the leriet 
of the triag formafione — as a second grand epoch ; the Jureutie 
period, with all its subdivisions, as a third; the chalk as A 
fourth grand epoch — three periods in which the ugly race of 
reptiles gains the npper hand, and presents itself at the snm- 
mit of creation ; and, lastly, the tertiary period, and the snb- 
sequent epoch of what is called the diluvial formaiiotu, in the 
course of which the mammiferous animal gradually acquires its 
present conformation, and paves the way for the creation of 
man and the race of bemgs that now encircle him. 

Whatever may have been the ori^nal form of the earth, 
every thing indicates that, when the first organic creation en- 
livened its surface, the latter was overflowed with widely ex- 
tended but shallow seas, from which emerged only a few Is- 
lands, scarcely elevated above the surface of the waters. A 
wonderful animal creation inhabited these oceans ; vegetable 
organisms, no less striking, covered the marshy land. The 
uncouth Orthoceratites, huge cuttle-Gsh, trailing after them 
the shells which serve as their dwellings for a year, with their 
tiny kindred, the unnumbered heaps of Qoniatites ; quantities 
of complexly organized Terebratube (which have hitherto been 
placed in a cla«s by themselves, but improperly, as they may 
be regarded as merely a peculiar family, though the lowest, (tf 
the class of Aoephala) ; grotesquely formed Polypi and Enori* 
nites, attached to the shaUow beaches, present themselves as 
the earliest organisms in the two great types of moUnseous 
and radiated animals. The series of the artionlated uiimali, 
the dead remains of which, no doubt, had no snch solid por- 
Tions to oppose to corruption as the animab of other classes, 
finds itself, however, represented by scorpions and the strange 
Trilobites. How anomalous the form of these fossil crabs was, 
as compared with the order of Gntomostraca, is apparent from 
the circumstanoe that naturalists did not know for long what 
to make of their bodies, until a mote exact comparative m- 
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quiry demoDBtrated them to be Crustacea simitar to the Aedlr 
and Llnmli, bnt whose type, no longer preserved, makes way 
for other and mora highly developed forms. 

Strangely Tormed fishes, armed with bard bony scales t^;aiiut 
the attacks of their own species, lived and moved amidst the 
hot waters of the greywocke ; and it is remarkable that all 
the<fishes of the greywacke and coal formations belong to the 
Plaooidians (Raya and Sharks), and to the strange looking 
(}anoidiaiui, whose vertebral column, bent upwards in the caudal 
fin, presents a configuration impressed upon the Full-grown fish 
which, at the present day, amongst bony fishes, is found only 
in embryos, and the stmetnre of whose tenth distinctly shows 
that they lived principally upon hard mollusca, which they 
crushed with their flat teeth, or on the pntrid remains of plants 
and mollusca. Many of these remarkable fishee, and espe- 
cially some from the old red sandstone, have, &om the nocom- 
mon prolongation of the articulated coverings of their gills, 
been described and delineated as insect^ as water-beetles. 

In the first creation, then, was formed the germ of the ver- 
tebrated animals, that fourth division in tho domain of the 
animal economy, which was afterwards to receive in man its 
highest development. 

The gigantic ferns and monocotyledones, the remains of 
which at the present day afibrd,'in the shape of coal, the most 
powerful lever of human civilization, covered the dry land. 
They displayed little variety of form ; but if the speoies were 
not numerous, and if their type was limited, the want of vnr 
riety was made up for by the large qnautity of the indivi- 
duals. 

This first creation vanished away ; its animal remains were 
entombed in the stony strata, that were deposited at the bot- 
tom of the waters ; its forests were sunk and covered in the 
abysses. Separate islands rose above the surface of the wa- 
ters ; previously existing ones beeame larger ; the dry land in- 
creased in extent. And beside the Qanoidians of the Manefuld 
slate, and the other curious fishes of the variegated sandstone 
and the muschelkolk, whose jaw-bones somo have even ascribed 
to Mammalia, beside these obscure organisms, there lived huge 
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sea and land railed : the Nothosaurus and Draoosanms, two 
large sea lizards, allied to the PlesiosauroB, hunted for their 
prey in the high eeas, whilst other salamander-like speoies, aa 
the Labyrinthodon, watched for their food upon the ^ore. Aa 
yet the other family types of the Amphibia are wanting ; it is 
with the Jura formation that these first gradually oome into 
life. The trilobites have already vanished, and are succeeded 
by beautiful extinct families of long-tailed crabs ; the stalked 
encrinites, those animal water-lilies of the ancient ocean, are 
developed in their loveliest bloom. Exquisitacese, Conifene, 
and Cycaden, together vitb a few ferns, covered the soil. 

The interior of the earth raged anew. As parallel dams the 
mountain ranges of the Black Forest and the Vosges arose, to- 
gether with those of the Thuringian and Bohemian forests, to 
bound the shores of the Jurassic sea, in which a new life com- 
menced. The mighty Ichthyosauri, whose organization, as the 
name imj^ies, comes so near to that of a fiah ; the long-necked 
Plesiosauri, with their short paddles ; the Pterodactyles, to 
which the majority of naturalists still assign an improper pUce, 
regarding them as aerial animals, as flying reptiles, whilst their 
whole organization shews them to have been aquatic animals ; 
these animals, termed by Cuvier the most bizarre of the whole 
early creation, inhabited the waters of the extensive oceans. 

In oonfomtity with their whole constitution, these, in many 
instances, gigantic devourera had to seek their food amongst 
the fishes of the sea ; and we can still recognise in the oopro- 
lites, their petrified excrement, the scales and bones of ihe 
fishes And reptiles which served as their nourishment, and, 
from the mass which fills up their ribs, infer the extent of their 
stomach and their appetite. In contest with these, innumer- 
able hosts of sharks and other animals, approaching nearer to 
the present race of fishes, but still belonging to the classes of 
Oanoidians and Placoidions, ranged through the waves. Num- 
berless masses of naked cuttle-fish, whose back bones form, as 
belemnites, extensive stony strata, and give evidence of the 
immense moss which existed of these creatures, meet us here 
for the first time ; they appear anxious to supplant the family 
of Brachiopoda with chambered cells, which peopled the ancient 
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ooeaiia ; in Tact, the more aoomaloiui forms, u the Orthooera' 
tites, have already vanished, and only the beautifiil spiraliy- 
coiled ammonites and nantili retain their plaoe in the ocean, 
clad in their coat of mail, while all around them are naked. 
The moat TanonB forms of all families of shells and echini 
peopled the sea and coasts, whilst the most beautiful polypi 
and stalked eohinodermata occupied its cliffs and banks, and 
various kinds of tortoises, with gigantic lizards, allied to the 
crocodiles, which often remind us of the present huge paohy- 
.dermata of the tropics, followed their prey upon the shores. 

And what collections of crabs, dragon-flies, beetles, worms, 
and other forms of articulated animals has not the untiring 
zeal of inquirers brought to light! Tropical vegetation also 
had taken root upon the dry land, although not to such a 
great extent as in the preceding period. In fact, sea algte 
and the strange-looking Cyoadea?, with a few conifers, are the 
sole vritnesses that the vegetable creation, although overpoised 
by the animal, was not entirely suppressed. 

The domes and ridgee of the Jura arose as strong dykes, 
and formed, along with the previously elevated mountains, the 
shores of the seas whose larger inhabitants, visible to the naked 
eye, lie included in the masses of carbonate of lime which, on 
account of their peculiar constitution, were formerly regarded 
as the purest examples of continuous deposits from water con- 
taining lime. I say formerly, because now, by the help of the 
indefatigable Ehreuberg, we see in those formless deposits of 
the chalk most astonishing eollections of innumerable micro- 
Boopio animalouUe. whose calcareous shells, heaped np in mea- 
sureless quantity, constitute immense ranges of mountains. 

But i^art from these organisms, invisible to the naked eye, 
what important progress is made towards the perfection of the 
types which now peo^de our earth. The radiated animals free 
themselves more and more from the ground to which they 
were attached during the earlier epochs; the enerinites in 
their various forms, which still inhabited the Jurassic eeax, 
give groond, and the varied forms of sea-stare, whose arrival 
was hardly annoonoed by a few feeble indications in the lim&- 
stones of the Jora, take for the most part their plaoe. On the 
sequence of the families of molloscous animals and their geo- 
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l<^oal development, notwithstanding tJie endlera series of ca- 
talogues of the petri&otions of the oholk, we poasew unfortu- 
nately no snfiBoieDt data ; yet the oharaoter of Uie oephalo- 
pods especially is considerably modified, and the other fami- 
liee of shells lose more and more the heterogeneous appear- 
ance of the older epochs. The crustaoea have no longeri as 
formerly, the variety of extinot races ; in short, there is every 
where visible a farther step towards the limit of hitherto at- 
tained perfeotion. By dint of my various comparative inqni- 
ries into the subject of fossil fish, I have succeeded in estab- 
iehing, that in the development of the type of the verteta-ated 
animal, the chalk forms an essential march-stone, and the 
separation is here more sharply carried oat than in any other 
formation. The ancient fishes were covered either with firm 
bony scales, overlaid with enamel, similar to the scales of the 
now existing Sauroids, Polypteri, and Lepidostei, or their skin 
was similar to that of Sharks and Rays; it Is In the chalk that 
there first appear the representatives of the two great divi- 
sions which now form the preponderating majority of species, 
the fishes with homy, indented or entire scales, the Otenoidians 
and Oyeloidians. But only a few species are found belonging 
to genera which now inhabit our seas or rivers ; most are so 
anomalously formed, that I was obliged to frame new genera 
and families for them. 

But it is not in the class of fishes alone that this progress of 
vertebrated animal development is manifested. Another veiy 
important circumstance has recently been discovered, which 
assigns to the epoch of the chalk an important part in the de- 
velopment of creation. 

By a minute examination of the fishes contained in the cele- 
brated Glaria slate, which was formerly considered a veiy old 
formation, I have been able to demonstrate that it belongs to 
the chalk ; and that it is only through alterations caused by 
violent plutonio inflnences, that it has acquired its present 
peculiar appearance. And these slates contain remains of 
birds ! The feathered denizens of the air have left their tender 
legs in these slates as evidence of their existence. It is to my 
friend Escher von der Lioth, the indefatigable student of the 
Alpine formations, that we are indebted for this invaloable dis- 
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covery, eqnally important to ptdxoatology and zoology ; and no£ 
the slij^teet doubt oan exist that the discovered fossil is ao- 
tually a bird. Only the la&t step is now wanting in order to 
mount to the highest degree of vertebrated animals, and in the 
epoch BUDceeding to the ohalk this is done ; we meet with the 
mammiferoue animal in the strata of the tertiary formations.* 

Until Cuvier, the greatest naturalist of our times, and Alex- 
ander Brongniart, directed their immortal labours into the field 
of this formation, it was not properly diBtiagniahod from tha 
more recent alluvia. It was they who first, by an accurate com- 
parison of its fossils, and especially those of the Paris baeiui 
made us circumstantially acquainted with the Fauna of this 
formation. Their work still remains a model ; and Cuvier's 
inquiries into fossil bones form the most exalted monument of 
human acuteness in science. 

Some essential points bring the tertiary strata into the 
closest connection with the circumstances to which the present 
crust of the earth is subjected. Whilst the older formations, 
upon whatever part of the earth they are met with, present a 
surprising similarity in their Faunas, so that, apart from the 
diiferences which the configuration of their outlino must bring 
along with it, the same remains are found tn similar strata, in 
either hemisphere indifferently ; and whilst, oonsec[uently, this 
equality in the distribution of living creatures over the earth 
indicates for the earUest epochs a more equal extension of tem- 
perature, at the poles as at the equator, we find, on the other 
hand, in the tertiary period, and pertiaps oven earlier, distinct 
signs of the formation of different climates, impressing upon 
different zones a different organic character. Yet this pecu- 
liarity of climates is by no means so distinctly impressed upon 
the proper tertiary formations, as in the diluvium or our pre- 
sent epoch. The stratum still retains the same general zoolo- 
gical character in all places where it is found, although con- 
siderable modifications are perceived in the details. 

A second great step is the exact distinction which can bo 
drawn in the tertiary period betwixt formations of the sea, of 

* The emiJl mnreupial mainnislia which Bucklsnd discovered in the Jura for- 
mattiiii f€ SIODMfifld) eUU rem^ an isolated phenomenon. 
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frnh vater, and of brackish water. Let it not be objected, 
that attempta have been made to Beparate salt and fresh water 
formations in eariier gtrata. This has no doubt been dime, bat 
wiUiont maoh foundation ; and the animals whioh ought almoet 
ezolusiTety to determine such a separation— the fiiihea— do not 
indicate anob a difference until the tertiary period. Nay, my 
inquiries into the fossil fishes would rather lead me to conclude 
that the oncuent seas were ireeb water oceans ; and that it 
ivas at a comparatively later period, and probably through 
j^tonic agency, that sea water acquired its quality of saltnesa. 
Perhaps this agency may have Kierted no incon^derable in- 
fluence npon the Beries of development of the different Faunas.. 

The genera of molluscous and articulated animals, which at 
the present day have representatives amongst living species, 
become more and more numerous. The ammonites, those 
voracious brachiopods, whose beautiful shells we meet with in 
^1 strata until the period of which I am now speaking, vanish 
08 it were all at once ; and their place in relation to the other 
lower animals seems to be supplied by the camiverous piercers, 
whose number is uncommonly increased, and of whose de- 
structive appetites so many tertiary sheila afford at the pre- 
sent day the most decisive proof in the holes bored through 
their masses. 

But what particularly characterises the tertiaiy beds is the 
various remiuns of the bones of gigantic mammalia which are 
found in them, and which Cuvier's creative band made to arise 
a second time out of the dust. 

These bones, the accidental finding of which gave occasion 
to all the strange tales about giants of earlier ages, nay, as 
Unger has recently proved, to many of the fkbles about dn^ns 
and other monsters, shew in the most evident manner how, 
even in the mammalia, natore gradually elevated herself from 
the ungainly, and, as it were, the grotesque, to the actually 
beautiful, the symmetrical- The continent, to be sure, had 
not yet assumed its present form ; arms of the sea stretched 
far up into the land where there is now solid ground ; the chain 
of the Alps had not yet arisen ; but still, those internal forma- 
tions predominate which were deposited in large fresh-water 
basins and extensive marshes. Only two of the many orders 
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of mammt^ia were represeDted by anomalous species— 'th* 
Cetaoea, the giants of the Bes, by species similar to the exists 
iag Manad; andthePacbydermata, inhabitants of the marshes 
and plains, by the strange forma of the Pal^otherium and 
Anoplotherium, which stand haif-wdy between the horse and 
the tapir, and the forms of which, as restored by Cuvier, have 
passed into all penny magazines and family journals, and are 
known to every body. 

However, the Molasse and Diluvial periods were richer in 
forms than that of the Calcaire grotsier. Apes of considerable 
size peopled the forests of Europe a« at present those of the 
warmer zones ; nimble deer and elks scoured through the thick- 
ets of the plains ; huge rhinoceroses and hippopotami wallowed 
in the marshy lakes or on the banks of rivers ; the uncultivated 
meadows were trodden down by herds of wild elephants ; ba- 
biroussas and swine of different species grubbed through the 
mire of the waters ; the huge Dinotherinm, with its downward- 
turned tusks, scraped up the banks of the rivers to provide it- 
self the masses of vegetable nourishment which its gigantic body 
daily required ; timid hares sqnatted in their forms to avoid 
the foxes and martins, which occupied tlie same ground that 
they did. Bat, if the peaceful raoe of the Graminivora was de- 
veloped in the gigantic forms of pachydermata and mminants, 
their enemies were neither less numerous, nor less on a par 
with them in strength and force. The caverns of the mountains 
are filled with bones which their inhabitants dragged in and 
gnawed there ; ravenous hysenas, clumsy bears, lions, tigers,' 
dogs, and cats of every species, were the rapacious extermina- 
tors of the elephants and rhinoceroses, as of the defenceless deer 
and antelopes. And it was not only in the warmer situations 
which their congeners now inhabit ; no, under our own lati- 
tude, on to the steppes of Siberia, did all these creatures of 
a milder climate exist. And where, formerly, elephants found 
their nutriment, and hippopotami sufficient pasturage, there 
are now extensive plains which scarcely support the nimble 
rein-deer, where the surface thaws but a few weeks in tho 
year, and scarcely affords existence to the Iceland moss ! 
The earth was warmer where it has now become cold, and its 
heat was more equally distributed. Yet, on a comparison of 
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the Faunas of different zones, we perceive the most dutinct' 
bonndaries of climates which, in a remarkable manner, stand 
in a certain relation to the climates of our epoch. For, when 
elephants, hippopotami, and rhinoceroses inhabited the Old 
World, the savannas of South America were peopled by the 
gigantic Edentata, those inhabitants of caverns whose awkward 
persons were for the most part protected by a hard coat of 
mail against the attacks of animals of prey, to which they must 
else have become, from their unwieldiness, an easy prey. The 
Megatherium, of whioh ike skeleton attracted so much atten- 
tion, that even the Spanish govemment was at the expense of 
conveying it to Europe, I shall adduce as the sole type of the 
strange Brazilian Fauna, with whioh we have very recently 
been made acquainted through the indefatigable inquiries of 
Doctor Lund. 

And New Holland, — the land of wonders, with its bizarre 
forma of men, mammalia, and plants, the native country of the 
Omithorynohus, of the Kangaroo, of the Echidna, of the most 
various Marsupialia, — preserves this seal of the wonderful, 
even In this earlier epoch ; for the zeal of inquiry has ah-eady 
discovered bones of giguitio fossil kangturoos ; and progressing 
oivilization, whilst it seeks to turn to aooount the productions 
of the soil, will likewise send us from thence valuable contribu- 
tions to science. 

Such creatures were existing, when an unexpected catas- 
trophe put a period to their existence. A climate, such as the 
poles of our earth can scarcely produce, — a oold in which every 
thing that had life was benumbed,- — suddenly appeared. Gould 
the animals whioh were created for a moderate tropical climate 
survive such a thorough change ! Certainly not ; for nowhere 
did the earth offer them protection against the omnipotence 
of the cold. Whithersoever they fled, Into the dens of the 
mountains, which formerly had served to many of them as a 
lurking-place ; into the thickets of the forests ; everywhere 
they succumbed to the might of the annihilating element. 
The aqueous vapours which the warm atmosphere of the earth 
must Uien have contained in greater quantity, and the quan- 
tity of whioh was undoubtedly in proportion to the greater ex^ 
tension of the waters, and especially of the laige internal lakes 
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and morasses of the diluvial period, were, upon that sudden 
change of temperature, deposited in a solid form. A crust of 
iee soon covered the superficies of the earth, and enveloped in 
its ngid mantle the remiuns of organisms, which, but a mo- 
ment before, had been enjoying existence upon its surface. 
In a word, a period appear-ed in which the greater portion of 
the'earth was covered with a huge mass of frozen water; a 
period in which all life was annihilated, every thing organic 
upon the earth was put an end to, — the Glacial period. It is 
this period of our earth, to enquire into the existence of which, 
and its intrenohment upon out present epoch, I have long as- 
Eugned myself as a problem ; whose existence the men of science 
at first would not even give themselves the trouble to deny, till 
the force of truth obtained a triumph over many, if not over all, 
and constrained a recognition of the justness of what used to 
produce only a compassionate smile as the lamentable aberra- 
tion of an overstrained fancy. 

This glacial period is the epoch of separation betwixt the 
Diluvial period, as it has been termed by geologists, and our 
present period ; it is it which, like a sharp sword, has sepa- 
rated the totality of now living organisms from their prede- 
cessors, which lie interred in the sand of our plains, or below 
the ice of our polar regions ; lastly, it is it which has left to 
our times the testimonies of its former greatness upon the tops 
and in the valleys of our Alps, — the glaciers. 

If, upon a fine calm morning of spring or autumn, we ascend 
the gouthem declivity of the Jura, it frequently happens that a 
thick mist ettll covers the plains of the valleys ; whilst above, the 
enlivening sun already sends down his uninterrupted rays, and 
the sky is resplendent with the loveliest azure-bine. Nothing 
can the enquiring eye discover in the depths below. A white 
cloudy mass, often glancing like silver in the sunbeams, covers 
the large plain of Switzerland, with its smiling green, its cheer- 
ful meadows, its blooming villages and cities. Scarcely does 
a gentle undulation of the surface betray to the attentive ob- 
server how lightly mobile is the veil whose thick web conceals 
the covered beauties from his eye. Opposite to him glance in 
the remote distance the colossal Alps attired in their snowy 
garments. Clear and distinct is their outline relieved against 
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the deep azure of Ute obeerful sky, aad high stretdiex tb«jr sam- 
mit, whilst their base ia encircled with the impeoetrabla miat- 
wall which hides the doings of man below. So peculiar is the 
impression of this picture, bringing us so completely in contact 
with nature in her simple grandeur ; so strangely is the suscepti- 
ble mind struck with this vision, where nothing betrays the life 
which everywhere else plants its traces on our environs, that 
whoever enjoys this sight for the first time must preserve it 
amongst his most pleasant recollections. Such, I conceive, if 
I may be allowed to compare so small a tract with what was 
bonnilleas, such may have been the appearance of our earth, 
when, at the glaoial period, a rigid snow-omat covered its 
surface. 

The earth had already assumed its present contour, with tho 
exception, perhaps, of the principal range of the Alpine chain, 
and of the monntains that rose simultaneously with it : Mont 
Blanc had iJready raised its head above the smroonding plains ; 
the broad ridge of the Jura, the Vosges, the Black Forest, 
the monntains of England and of Sweden, had been the wit- 
nesses of its elevation. Then numbness seized the light 
" sailors of the atmosphere," the (douds and vapours ; icy 
winds drove them in a solid form to the earth, and, like a huge 
winding-sheet, they enveloped the polar regions, tho north of 
Europe and of Asia. The British islands, Sweden, Norway 
and Russia, Germany and France, the mountainous r^ons of 
the Tyrol and of Switzerland, down to the happy fields of 
Italy, together with the continent of northern Asia, formed 
undoubtedly but am icefield, whose southern limits investiga- 
tion has not yet determined. And as on the eastern hemi- 
sphere, so also^on the western, over the wide continent of Nortii 
America, there extended a similar plain of ice, the boundaries 
of which are in like manner still unascertained. The polar 
ice which at the present day covers the miserable regions of 
Spitzbergen, Greenland, and Siberia, extended far into the 
temperate zones of both hemispheres, leaving probably but a 
broader or narrower belt around the equator, upon which 
there were constantly developed aqneous vapours, which again 
condensed at the poles ; nay, if Tschudi's observations in the 
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OordOlerM and Newbold'e at Scoii^^ii^un shall be ooofirmed, 
and to tliese we may subjoia those made by earlier txaTellerB 
i^oD Atlaa and LebaooQ, the whde surfiMe of the earth was, ac- 
cording to all probability, for a time one single uniaterrupted 
sorfaoe of ioe, from which projected only the highest mooo- 
tain-ridges covered with eternal enow. The limits which wonld 
seem to be indicated by the variooe phenomena which we ehall 
afterwarda treat of, are very probably referable to a subse- 
quent epoch, when the oniversal ice-crust had already begun 
here and thwe to disappear, and particular tracts to emerge 
Uke oases in the immense icy desert. Be that, however, as it 
may, this much is certain, that, upon the northern half of the 
European- Asiatic continent, there hare been found only few, 
and proportionally anestensive districts, which do not bear im- 
pressed on them the traces of fonner envelopement in ice, and 
that in the excepted places the configuration of the surface 
has been decidedly udavoarable to the preservation of such 
traces. 

But it is only a few years since the great importance of the 
phenomena, which have remained as traces of the glacis pe- 
riod, fijr the general physical hi^iy of our earth, was sur- 
mised ; the number of naturalists who oooipied themselves in 
searching out these traces was but few; still fewer, I may 
venture to say, understood how to find than ; many would 
not even see what they did find ; and thna it need be nowise 
surpriring that more exact accounts cannot be gjven respect- 
ing the ubiqoitoos extension of ^e ioe-coveriog, its spread- 
ing towards the south, &c. 

We have certain data with respect to the height to whi<di 
this ice-oovering had swollen, and with respect to the thick- 
ness which it must have reached in many places. I have fol- 
lowed its marks along the coasts of England, Scotland, uid 
Ireland, and no doubt can now be raised in regard to the fact 
that in our latitudes the ice extended to below the level of the 
present sea. At many points of these coasts I have, as far as 
my eye could penetrate the water, seen these traces deep be- 
low the surface ;* and so indelible are these traces, so deeply 

* Hssee there can be no doabt, that, if a north ua did exist at that tiin«. Its 
leral mutt bave been much lower than it ii at pretont ; fbr H b «*M>liditd, I7 
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iaqprinted an their dumotetiatio marlu, that the KoanDg 
breakers have Dot %vai yet bean tiii» to erase them. 

Oa the other hand, the ice has in^nntod upon all the 
mountain tops of Great Britwn, whiob in Bm New rise more 
than 4000 feet above the level c^ the sea, the ttamp l4ii<di 
attests itfl former presence ; and thme can he no doubt that 
its colossal masses were piled up above the highest auminita 
of these monntaios. 

In like manner, on the high ridges and peaki of the Alps, 
the thickness of the mass of ioe can be directly measured ; at 
least we are aUe to determine to what absolute hei^t the 
solid glaoier ice extended. How high the Fim, and the inoW 
which perhaps rested upon it, may have readied, we oan now 
have no exact knowledge, as it is only the solid ice that 
■cratches the ^aees of its presenoe upon the rooks, whilst 
the light snow and the granular incoherent Fim leave no 
mark of their existence. By various barometrical measure- 
ments I have found that in our Alps the limits of the soHd 
ioe on the sides of valleys, the bottom of which is from 2000 
to 9000 feet in absolute height, and which are now entire^ 
free &om glaciers, reach to a height of more tlum 8000 feet 
i^ve the level of the sea. 

What a huge.mass, transoending our ntmost ooneeptions ! 
Admitting, what in foot must be assumed, that the covering 
followed in its extent the different iseqaalities of the surface, 
that, consequently, the cironrastanoes of traces of ice bung 
found in the Alps to such a height affords no proof <^ an ev^ 
where eimilar absolute height of the icy surface ; that it affords 



recant acleatiSe uconnts reapectlng the glaciers and ice-fields of the polar regionj, 
that (be mawea of iee which are eo formidable in the high northern Istitudei ai 
toafdii( ioa-teqp, an &«si»eQt« of gladera, wtal^ rtretchlng oat from tba lolld 
land into tbo lea, are DoderDuusd by the nave* and dejnvedof tliclr bid*, antU 

at length graritj overponera their coherence with the mauea which net npon tlia 
land, and the hlock falls into the sea. It reeulfa from a contideratian of this plit- 
Domenon, as well as Jroni direct obierration, tliat, M fu u the aea nachei, the 
glacier ice is dlBBolTed, and, cocgequently , it does not come in contact with A« 
bottom of the sea. 

The north aea of the glacial period had therefore either a much lower level tiitn 
at present, or elee, as leemB to be almost proved bj- a cooaideration of the whola 
phenomena, ite baaln was filled to the bottom with solid ice. 
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x>o proof that an iey Imrdeu of 8000 feet in thickneas rested 
npoa the plain of Switzeriand, the proTiDces of Gormany , &e. ; 
retrenching and deducting aa mnoh as we can find possible, 
in order not to terrify our imaginatioD with the grandenr of 
ih.6 object, there will still remain something immense, to which 
our knowledge of the present world would in Tain seek to pre- 
sent aaj thing parallel or nmilar. 

It would, however, in my opinion, be an erroneous concep- 
tion of the consistence of this ice-crust, to sappose it to be com- 
posed of a solid mass. Where there prevailed such an uncom- 
monly low temperature as was necessary to envelope the earth 
to such an extent in a irozen covering, all the necessary ele- 
ments were wanting to change the loose deposits of the at- 
mosphere into compact ice. For it is only by the addition of 
fiuid water, by the repeated altemations of the thawing and 
freezing of the snow-masses saturated with water, that these 
become gradually transmuted into solid ice, which, however, 
still bears the traces of its origin. 

In oar high Alps, it is only to a certain height that we 
meet with compact ice ; above that height we find only loose 
snow, or what the natives call Fim, the loose incoherent mass 
of which leaves no trace of its existence upon. the rocks. This 
is simply owing to the circumstance, that above these boun- 
daries — the Fim-Une — the temperature never attains for any 
length of time to such a height as is requisite for the produc- 
tion of fluid water, and so for the formation of solid ice. But 
in an epoch of general refrigeration like that of the glaoia^ 
period, the earth collectively came into a state of temperature 
which must have been analogous to that of the Alps at the 
present'day, that is, the Fim-line descended in proportion to 
the re&igeration, and probably so low, that, in the tempo- ' 
rate zones at least, even at the level of the sea there existed 
only enow or Fim, bnt no ice, the temperature, standing almost 
constantly below 32° Fahr., not being sufficient to call forth a 
formation of solid ice by tho melting of the upper layers of 
snow. 

But if such a partial and superficial thawing of the mea- 
sureless snow-fields of the glacial period, and their transition 
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into compact ioe was impoa^ble, it follows that there wndd be 
DO monng of ice-fields in any direoticot during that period ; and 
I must lay gteaji stress upon this point, because it presents an 
essential difference betwixt my views aiid those of various 
other men of science, who likewise seek to explain the trans- 
port of emtio blocks by masses of ice, bnt in an anomalous 
manner. During the glacial period there was no motion ; not 
a brook, not a rill furrowed the suriaco of the snowy cover- 
ing, to remind by its purling that all life had not yet beoome 
toipid. Scarce could the sun, formerly so quickening, soften 
the surface of the snow by his most powerful rays ; water, so 
far as Uie ice-oorering- extended, existed only in a frozen state. 
But according toour present state of knowledge, there can be no 
such thing as motion of the glacier ice, until the warmth of 
the surrounding media baa beoome such as to cause the melt- 
ing of the superficial strata. Just as it is only under its ex- 
citing influences that life in general can exist, and as without 
its beneficent operation life most cease, so the only life which 
the glacier exhibits, the single phenomenon by which it seems 
to taJte part in the general life of nature — motion, demands 
warmth as the medium and condition of its existence. It was 
not, therefore, until the time when a return of warmth, from 
whatever source it may have c<Hne, smiled upon the torpid 
^be — when the sun began to exennse its powerful influence 
with renovated force — when under its warmer beams the cruat 
began to dissolve, the ice to soften — it was not until then that 
all these grand phenomena could take place, of which the sur- 
face of our present earth ia the witness. What, therefore, 
the majority of geologists have hitherto believed to be the re- 
sult of immense floods and currents, and a few to have been 
caused by the increase and the progressive motion of glaciers, 
namely, the transportation of erratic Mocks, of alluvial boul- 
ders, and the polishing and channelling of rockB — these are 
to me manifestations of the retreat of the glacial period, phe- 
nomena which denote the moment when an alteration in the 
climate of our earth began to confine the cold within those 
narrow boundaries which it now occupies — phenomena which 
denote the places whence torpid winter began her slow retreat 
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towards the rooks of our lofty mountains, and to the iee-hotmd 

continents oF the north. 

Manifestations of retreat ! will it be ashed me. Whence, 
then, the retreat ! For that there haB been a retreat, can- 
not well be a matter of doubt to us, whose life could only 
exist by dint of, and eabseqaent to, suoh a retreat. The fact 
is just aa undeniable as its causes are hypothetical. A short 
time ago I could hare assigned a probable cause, founded 
upon the beaatiRil inTestigations of one of the ablest of our 
geologists, Elie de Beaumont, and on his confident dictum, 
that the Alps had arisen from the bosom of the earth at two 
diSerent epochs ; Mont Blanc, with its chains to north and 
Southward, being more ancient than the chcdn of the Eastern 
Alps, which were the most recent of all the elevated moun- 
tain chains, and formed a wall of separation betwixt the 
dilavium and oor present epoch. Just as the violent revolu- 
tions, whose results were the elevations of more ancient moun- 
tain cbuns, had on every occasion swept off a phasis of deve- 
lopment of animal life upon the earth, in order to make room 
for one newly commencing, so, I ima^ned, might the eleva- 
tion of the eastern great Alpine chain have been that hist 
Rtm^e of the powerful internal forces of our globe, which 
had put an end to the glacial period, and rendered possible the 
existence of our present creation. Following E. de Beaumont's 
views, I have in my last published work* expressed the follow- 
ing opinions ; — " That only Mont Blanc, with the chain of the 
maritime Alps, existed when the ice enveloped the northern 
hemisphere ; hut that when the chain of the great Alps rose 
from the bosom of the earth, the icy covering which had rested 
upon the position they now came to occupy, was elevated along 
with them, formed thus an inclined surface, and was covered 
with the ruins of the rocks which were shattered by this im- 
mense revolution ; that the temperature of the earth was al- 
tered by this elevation ; and that a consequence of this altera- 
tion was the retreat of the ice covering to the northern regions 
and the Alpine mountain summits." 

More recent inquiries, however, of two friends, which, to be 
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•ore, hftve not yet been made public, bat the reeoli of whieb 
has been oommuiuoated to me privately, afford strong groundi 
f<H- doubUng the fact of the elevation of the diluvial strata bj 
the Eastern Alps, which Oe Beaumont makes the pillar of hii 
theory, and lead rather to the supposition that the Esatem 
Alpine chain arose ooutemporaneoualy with that of Mont 
Blano, and anterioriy to the formation of the diluviam, and 
consequently, that it already existed in its entire grandeur when 
the glacial period commenced. If the result of these last in- 
quiries, so opposite to that of M. de Beaumont^s, shall turn oat 
to be correct, we can assign no cause proceeding from the in- 
terior of the earth, no geolo^oal cause^ if I may use the expres- 
sion, for the retreat of the ice coverings, but must seek it, where 
wemust seek likewise for the causes of theappearanoeof aglaciol 
period, in the empire of conjecture, or in the mean time rest 
satisfied with the facts, without knowing their connection with 
the history of the earth in general. 

Whether, however, we seek for its cause in the changeable 
condition of the sun, in a periodicity of the light and heat 
which it causes, in a change of the atmosphere, in an eler^ 
tion of the internal temperature of the earth, in a changed 
position of its axis to the sun, or in an universal definite move- 
ment of our solar system in space — and both for and against 
each and all of these anppoettions there are probabilities 
enough — the retreat did commeiide. But it was not a hasty 
flight into a lurking comer in the monntains which opened 
the wide land to creation ; it was a slow deliberate retreat 
which ceded the so long occupied field only inch by inch. 

It was the plains which first freed themselves from their 
torpid ooveriug. Where the long level tracts of Northern Qer- 
many, of Kossia, and of France extend, there, under the in- 
fluence of a warmer sun — a sun such as shines upon us at the 
preaoit day — the snowy covering first began to dissolve, and 
by the trickling in of the water, and its re-oongelation in the 
interstices of the looser snow strata, to change into more com- 
pact ice. With this transmutation of snow into ice, were at- 
tended two important circumstances, namely, the movement of 
the massesof ice in the direction of the superficial slope, and their 
effects upon the solid ground on which they rested. A stirring 
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life, ifltnay so express myself, oame in place of the torpid inac 
tiyity of the frozen mosses. Clefts opened under the expansive 
force of the solar heat, and thus fumished the waters which 
the melting of the superficial strata called forth in copious 
abundance with a welcome outlet below, where, in the rolled 
materials of the soil, they dug themselves beds, bounded and 
protected by t^e crystal walls which they had just broken 
throngh. 

jMthough at present, in the attenuated atmosphere of our lofty 
mountains, the evaporation of the frozen masses of ice and 
snow, especially in warm days, far exceeds what melts into 
fluid water, the; proportion must have been very different on 
those extensive plains which, less elevated above the level of 
the sea, stood under a mttoh more considerable pressure of the 
atmosphere. Moreover, the very slight inclination, or rather 
the almost perfect levelness of these plains, was not very fa- 
vourable to the formation of frequent clefls and fissures, so 
that the glacier brooks composed of the difierent rills on the 
surface of the ice, must have been much more considerable 
than those of our present glaciers, where for the most part a 
comparatively limited surface, frequent fissures, and smaller 
pressure of the atmosphere, prevent the accumulation of larger 
brooks upon the surface of the glaciers. There are but few 
brooks to be found upon the surface of our Alpine glaciers, 
over which the practised leaper would hesitate to spring. But 
at the period I am now discussing, the crystal fioods of large 
rivers dug their mutable beds out of the extensive sui^ace, 
and when at length, a,fter a long course, a fissure afforded 
them the long-sought outlet, they threw themselves in mag- 
nificent falls into the azure depths, the immense strata of 
rc^ed matter and of sand which the icy mass by its grinding 
movement collected below it, grubbing throngh to the bottom. 
Circumscribed by the ice-walls, these glacier rivers gnawed 
vaults for themselves under the icy covering through which 
they pressed towards the greater depths which the uneven sur- 
face presented, undermined deep beds in the rolled matters, and 
thus produced valleys of denudation, the direction of which is 
frequently inconceivable with reference to the present configu- 
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rattan of the surfEuie, and becomes explicable only when we 
consider that it was ice-biuiks that determined the direction of 
these rabg^ierian riverB, and formed the Umitsof their beds.* 

Thus began the retreat The eeotres towards which its 
coarse was directed were, on the one hand, the far north ; on 
the other band, the lofty mountaJD-rangee of central Enrope, 
which still lie partially bnried in eternal enow ; and from these 
regions, tvom the monnt^ns of Norway and of Sweden, and 
the chains of the Alps of our continent, descend the mde wit- 
nesses of the extension of the ice covering, those huge blocks 
which lie scattered in the plains of Northern Germany and 
Russia, of Switzerland, and even on the ridges of lower moun- 
t^ns, as the Jura, and whose origin cannot be doubted, so char 
raoteristio is, for the moat part, the species of rook which enters 
into their oompo«tion. Tom from the ridges of the Scandi- 
navian chain, these erratic blocks were moved forward on the 
surface of the ice-coverings over the Baltic Sea, whose basin 
was filled with ice instead of salt water, and deposited on the 
plains of northern Germany on the skirts of the ice-field. From 
the summits of the Alps in like manner, radiating in all direc- 
tions, moved the fragments which the dostroying influences of 
the atmosphere, perhaps also the elevation of a part of the 
chain, had broken loose from their bed, and hurled upon the 
surface of the ice. The plains of Switzerland and the southern 
declivities, nay, even the inland valleys of the Jura, the vales 
of Lombardy, and the regions of eastern France, received from 
the Swiss Alps those blocks which progressing culture has al- 
ready applied in such qnantities to industrial purposes, but of 
which the quantity is still so great, that centuries will not suf- 
fice to blot them from the empire of the existing. 

When the retreat of the ice-crust towards the north and 



* I (dieriili tbe convictioii that the varioiu trtdiUaiii of tutdent daUodi about 
iamaiM flctodi and Innndatioiu are referable to thoas tjmei In the infancy of the 
hmoen race, when men inbabiteJ only the moderate clinutes of the tropics, whilat 

the northern latitadea were etlll covered with the glaciers of the glacial period. 
According to this view, these triuiitionary floodB were events iimiliir to the In- 
iiDdationi which even now are so often occasioned bj the j^lftcierE i only with this 
difference, that in proportion to the greatar oitension of thoas glaciere, they were 
npon a moch larger acale. 
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iowardfl tite Alps begui, these bloeki were moved thenoe to- 

wards th«r present ntnations. 

I shall here be aocnsed of a oontradiction. *' How is it pos- 
uble," it will be said, " that the ioenxiTerin; retired jnsi to- 
wards the points! ^^^ which the blocks were moved ! How 
can it have happened that these were oonTejed from the oentre 
of the chiuns towards the periphery of the ioe-fields, whilst 
their bearers, the masses of ice, had a retrograde motion tnaa 
the periphery to the centres— that is, in a direction diametri- 
cally opposite to that of the blocks !'* 

There lies, no donbt, an apparent contradiction in the truths 
just announced, but it is only apparent ; for the retreat of a 
mass of ice is nothing but the result of a disproportion be- 
twixt the forces which tend to its destruction on the one hand, 
and its forming elements on the other, in which the former at- 
ttun the npper hand. Snow and water are the forming ele- 
ments, upon the co-operation of which the production and pro- 
gresuve motion of the glacier masses depend ; by the constant 
addition of the former the totality of the latter is increased, 
and this increase, united to the expansion which the freezing 
water undergoes, are the causes of the progresaiTe motion, 
which is properly only an expansion of the mass in a single 
direction. But if the melting and ev^wration of the masses 
of ice which are occasioned by the heat outwei^ the expan- 
sion, if more is withdrawn from the mass in a fluid and 
vapoury form than it gains in the way of condensation of the 
atmospheric deposits, it must obviously decrease in bulk, and 
its decrease will be most where these destructive influences 
operate most strongly ; that is to say, at a distance from the 
colder centres, at the extreme periphei^ of the masses, where 
these come in contact with a warmer air and soiL It is ao- 
cordin^y this preponderauoe of the forming influenoes over the 
destructive in the glacier masses, which, to the eye of the su- 
perBoial observer, appears as the progressive motion ; and in 
the same way it is the depression of the forming elements, 
which appears as the retreat of the masses ; whilst, on a more 
exact observation of the phenomena, it is fiMind that the mass 
constantly moves forward, even when a greater decrease at 
particular places appears there necessarily to imply a retreat. 
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The isme relationB tnnst also bare oome into existenoe when 
the ice-crast was exjKised to the destruotiTe inflnenoes which a 
condition of heat like ours at the present day most have brought 
along with it. In the pbins began, as we have already re- 
marked, the contest, in which death itself was to succumb, and 
the new life of our present creation to conquer. Attacked 
from without by the beams of the sun, and from within by the 
rays of the earth's own warmth, the ice dwindled away, and 
the more land became free so much the more powerful became 
the forces which supported the contesL But just where the 
ioe disappeared, on the boundaries of the ice-field, was the 
seat of the more active movement, which, finding its point of 
support in the before-mentioned centres, proceeded from thenoe 
in every direction; for the most considerable movement of 
the ice-masses is always at those places where heat can exert 
Ihe greatest influence upon them. But if the destructive in- 
fluences preponderated at the limits, the forming elements did 
so at the centres, and the masses collected there consequently 
pressed downwards to the contest as a fresh reserve, carrying 
along with them fragments of their formation-sites — the erratio 
blocks. From the distribution of the various alpine rocks 
upon the chains of the Jura, as well as from the extension of 
the zones of blocks that descend from the heights of Scandi- 
navia, it will some time or other be possible to calculate the 
time which was required for the retreat of the ice-covering 
into its narrower limits. 

Bnt vain was the contest. More and more was the ice-mass 
compelled to recoil, more and more was the land denuded, to 
become covered with verdure. The plains of Germany, Rus- 
sia, France, and Italy, were rescued from their frozen state ; 
the Baltic was set free ; the north sea, for the mtnt part, was 
anew covered with waves. But the more considerable chains 
of motintfuns, presenting, by their elevation above the sea- 
level, a more secure resting-place to the ice-covering, still ro- 
tiuned the eternal winter upon their summits and in their val- 
leys, and thus there arose detached glacier ranges, which no 
longer formed a connected whole, like their common ances- 
tress, but separate groups, each of which belonged to a par- 
ticular moimtain range. The Scandinavian peninsula, the 
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heights of the British ialandB, the Alps, the Voeges, and pro- 
bably most chains similar to these la^t in height and situa- 
tion, preseDted those groupa of glaciers, the traces of which 
have not yet been sufficiently followed to afford a perfect chart, 
if I may so express myself, of the glacier groups of the re- 
treat. The whole plain of Switierlaod was still filled with 
ice, for its space ia too circumscribed, the distance betwixt the 
two ranges which encircle it, the Alps on one side, and the 
Jura OD the other, being too small in comparison with the 
height of these mountain-chains, to admit the supposition of 
a simultaneous thawing of these plains with those of other 
countries lying lower and of greater extent. The elevation of 
the Alps is indeed so considerable, that the masses <tf ice which 
proceeded from them overflowed, even at the outset, the in^ 
dependent glaciers of the Jura, and that the collective glacier 
groups which covered Switzerland took a direction from south- 
east to north-west, that is, an opposite one to that of the gla- 
cial movement proceeding from Sweden tmd Norway. The 
most evident proofs of this superior grandeur of the alpine 
ice-masses are afforded by the blocks formed of granitic and 
other plntonic rocks, which have been deposited principally 
on the southern declivity of the Jura, and even likewise in its 
inner valleys, and which bear obvious testimony to the fact, 
that the motion proceeding from the Alps was continued to 
the inner chains of the Jura. The level of the Swiss glacier 
groups sank only by degrees, and from the distribution of the 
different rocks, the origin of which, in the alpine chain, con be 
determined wltli the greatest exactness, especially from that of 
the very strikingly peculiar conglomerate of Valorsine, toler- 
ably certain data may be collected with respect to the height 
of the different levels of the ice-masses. Step by step, how- 
ever, the ice faded away likewise from the plains of our native 
land before the quickening influence of heat ; the blue waters 
of its lakes rolled their waves unfettered ; the molasse hills were 
denuded of their covering, only the highest peaks of the Jura, 
as the Dent de Vaulion, and several others, still retained some 
independent glaciers. But the beautiful alpine valleys, whose 
wild scenery attracts so many admirers of the sublime, wore 
still filled by the glaciers, which were always becoming more 

C.oo^lc 
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and more subject to the inflQences which rule them at present. 
The great valleya of the Hhono, of the Aar, of the Reuss, of 
the Rhine, of the Adda, &c.> which roll their waves from hence 
towards every posaiblo direction, were covered with immense 
glaciers, and may have presented nearly the same appearance 
that they now do in very enowy wintera, when their depths 
are filled up, and only a slight depression betrays to the wan^ 
derer the clefts over which he steps with a careless foot- 



-Oh the MiffTOtory Tribes of NoHvet in Central India. Com- 
manioated by Edwaed Balfour, Esq., Assistant Surgeon. 
Communicated by the Author. 

The hills and foresta in the centre of India, are inhabited 
by people differing widely from the inhabitants of the plains. 
Their great abode, says Mr Elphinstone, is the Vindya moun- 
ieim, which nm east and west from the Ganges to Quzerat, 
tud the broad tract of forest which extends north and south 
from the neighbourhood of Allahabad, to the latitude of Ma- 
sulipatam, and with interrnptiona almost to Cape Gomorin. 
These people have separate names — Paharias, Kola, Gonds, 
Bheels, Colis, and Colaris ; but in many points they differ from 
each other, and little has been done to shew that they are the 
same people. In addition to these races, there are maiiy 
smaller oommunities spread throughout India, each with a 
distinct name, and speaking a distinct tongue ; leading a mi- 
gratory life, and resorting only to towns to purchase a few ne- 
cessaries, they seem the remains of some aboriginal people who 
bad occupied the soil perhaps before any of the nations now 
possessing it ; and it may not be uninteresting to mention some 
(£ the habits of these nomade races. 

THE GOHDB, CALLED BY EUROPEANS AND NATIVES BINJARI OR 
LUHBARI. 

The Binjarries are separated among themselves into three 
tribes — Ohouhone, Rhatorc, and Powar. Their original conn- 
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tty, they ny, wm Rajputaaab,* but th^ now are ipread wvr 

Hmdostao, all adhering to the aatue ciutonu, and speaking the 
same langnage. ThubearsaBtrongreflembhuioetothelanguage 
of Guzerat, though there are many worda in it without affi- 
nity with any of the dialeeta we are acquainted with. At the 
head of the Binjarries in the Dekhan are two indivtdnals who 
receive the title of Naeki. They reside in Hyderabad, and 
the encampments located near that city refer any diqpntea 
that arise to them for their deeimon ; but the chief occupation 
of these Naeks is to keep up a correspondence with the diffe- 
rent parts of the oonntry, to gain early information from loeft- 
lities where war or famine has raised the price of grain. 

The Binjarries are grain merchants ; indeed the name is 
giren them from thwr occupation ; and their traffic being car^ 
ried OS by bullocks, they traverse the most impracticable 
ooontries to collect mpplies, which they pour into the districts 
where scarcity previuls, or they move in the track of large 
armies, to famish them with gnun during the campaign. In 
carrying on war in India, where armies carry their magazines 
along with them, the services of the Binjarries are almost in- 
diepensable, and their ocoupatitm renders them sacred. For 
this reason, though moving among hoitiie bodies in time of 
war, they consider themselves aeonre from being molested by 
any party, and there have been instances of large bodies pass- 
ing near camps, and though refusing to dispose of the grain 
they carried, being allowed to move on to the enemy, the dread 
of alarming them, and thus banishing them for ever, being suffi- 
dent to protect than from interruption. The time of hostilities 
or (^ dearth was a period of activity among them ; but our sue- 
cesses have restored order to India, and have sent our troops to 
cantonments, and with the return of peace, nothing occurs to in- 
terrupt the labours of the husbandman, and scarcity seldom pre- 
vails. These changes have done much to make the Binjarries 



* On the eommite of the hills (formerly islets) which, uuited, form the 
island of Bombs}', reside about 75 families of caltivaton, who sa; the; 
emigrated from Kajpntanah. Msnj of ths words in the langnage of this 
people, asd the drais of their women, are ilmiliAr to ths Gohnrs. Tkoj 
c^l themselTes Fnimans. 
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poor, ftnd where diseoee bu swept away thnr bnllodts, the 
oommmuty, aoalile to pureliase otherB, has broken up and dis- 
porsed. When thus reduced, the women bring firewood to the 
towns t« sell, which their husbands cat in the jungles. They 
were at all times oonradered a bold and formidable race, and 
when traTersiog the country with herds of bullocks, traosport- 
Ing grain and salt, they frequently perpetrated robberies in 
gangs, and they are not over scrupulous in committing murder 
<Hi these oooasions, if they meet with opposition, or deem it ne- 
cessary for their security- With the approaches of poverty, 
too, vice has grown ^ace ; many are convicted of stealing cat- 
tle and children, and Thngs have also been detected among 
them. 

A community of Bin jarriesia termed a Tanda. In eaoh Tan- 
da an individual is eeleoted to whom the title of Naek is ^ven, 
bot his rankwould seem toolothehim with but little authority. 
Ko rulea exist among them to regulate their conduot or guide 
their society, and thoi^h they keep together in large bodies, 
it would seem more from their intermarriages and the securi- 
ty numbers ^ve, than from any laws binding them to the tribe. 
The Tandas in their movements encamp on wastes an4 uncul- 
tivated Sfoia, sometimes near but more frequently remote 
from towns. 

The Binjarries pull down the wild boar with dogs of a 
powerful and peculiar breed, which they keep in all their 
Tandas ; but with the exception of the wild bog, they live, 
aa regards food, like other Hindus. A few are met with 
vba can read and write. Their wandering life precludes them 
from residing in towna ; they live under tents while the hot 
weather ctHitinues, and on the approach of the monsoon con- 
struct grass huts to shelter them &om the piercing rains that 
foU. 

Their features are dark and bronzed. The men have tall 
and muscular frames. Their dress differing much from the na- 
tions and oommunities around them, attracts attention to the 
females of the tribe, x>n whom nature has .bestowed the most 
faultless forms ; tall and exquisitely moulded, these dark child- 
ren of the desert move with a grace unwitnessed among a civi- 
lized people, their loose and peculiarly formed garments asoist- 
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ing to set off thoir shape. A boddice (called Kanterie) fitting 
neatly to the form in front, reaches from the neck to the Jiip, 
conceals the bosom, but is left open behind ; this with a gown 
(petia) featened by a nooae beneath the wtust, and falling in 
loose folds to the feet, and a scarf (cadhi) thrown carelessly 
over the ehotdder, completes their dress, which is made of 
cloth died witli bright and varied coloors, From their hair, 
and the tapes that bind their dress, are suspended long string 
of courie shells, massive rings of silver clasp the ankles, and 
tiie arms, from the wrist to the shoulder, are loaded with broad 
rings of ivory, cut from the elephants' tasks, and dyed \vith 
varied dyes. The ceremonies attending the marriage of a wi- 
dow are, as is usual among the natives of the east, few ; the 
gift of a new cloth, and the selection of a fortunate hour on 
which to conduct the bride home, comprise the whole. . With 
the young bride, a more lengthened rejoicingis made. On the 
marriage being assented to, the bridegroom pays one or two 
hundred rupees to the parents of the bride, axiA at the early 
part of the day, which the brahman who has been consulted 
has pronounced auspicious, two pyramids are constructed, by 
placing earthen pots one above another, ten or twelve feet apart, 
a bundle of firewood is laid behind each pyramid, and two 
wooden pestles, used by the women of every house in India to 
elean the grain, are planted perp^dioularly between. The 
ceremonies last five days, during which the friends are feasted, 
the bride and bridegroom sitting on the ground between the 
pyramids, and on the fifth day, after being bathed by their re- 
spective male and female relations, the bridegroom leads to his 
tent his bride. The next morning die young wife rises early, 
and carrying the hand-mill near the feet of her husband's pa- 
rents, there grinds the com* necessary for the meals of the 



* Sboitlj after midnight the women in the, east rise and begin to grind 
corn far the family, cheering themaeWes in their lonely task by singing 
their labour songs. In several parts of Scripture this castom of grinding 
the com for the day's consumption ia noticed. "In the duj when the 
grinders cease because they are few, a id the doors bo shut in the streets 
because tbe sound of tho grinding is low. Ecc. xii. 3 and 4 ; See also 
Ex, xi. 5. and Is. xlvii. 1. where it says, 'Comedown and sit in tho duet, O 
vii^io daughter of Eabyion ; sit on the ground ; there is no th[oa«, O 
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coming day, and Is thus initiated into the practice of h&t do- 
mestic duties. The Binjarries are not restricted to one wife. 
It IB rare, however, to have more tfian three or four in a house. 

In the.roviog life, they lead, exposed to the vioissitudefl of a 
tropical climate, and liable to accidents and disease, we WQuld 
fancy that necessity would have taught them some acquaint' 
ancc with simples and the arts of life ; but that custom, fatal 
to improvement, which obtains throughout India, binding eaoh 
community to follow only those pursuits which their prede- 
cessors have been engaged in, prevails with equal effect among 
this migratory tribe, to whom every art is equally unknown. 
When sicliness occurs, they lead the sick man to the feet of 
the bullock called " Hatadia," for, though they say they pay 
reverence to images, and that their religion is that of the 
Sikhs, followers of Nana Govind, the object of their worship is 
this " Hatadia," a bullock devoted to the god Balajeo. On 
this animal no burden is ever laid ; but decorated with stream- 
ers of red dyed silk and tinkling bells, with many brass chains 
and rings on the neck and feet, and strings of covmo-shells 
and silken tassels, hanging in all directionsi he moves steadily on 
at the head of the convoy, and the place he lies down on when 
tired, that they make their halting ground for the day ; at his 
feet they make their vows when difficulties overtake them,* and 
in illness, whether of themselves or cattle, they trust to his 
worship for a cure. This bullock ts their god, their guide, 
and their physician. 

From their migratory life, we are deprived of all means of 
calculating their numbers ; but spread throughout the whole of 
India, in large bodies, they no doubt far exceed any amount 
of people which are brought to one individual's notice. 

They bury the people who die unmarried, bat the bodies of 
the married are burned. Food is placed at the head and foot of 



dnaghter of the Chaldeans, take tliemillstoneB &nd grind meal; and in Mntt. 
xiiv. 41. it is said, ' two women shall be grinding at the mill, the one 
shall bo taken and the other left.* One person can generally grind Buffi- 
cicnt for the use of a small family, but where much is required, two wo- 
men, as noticed in the Scripture, sit on the grennd with the mill-atones 
between them. 
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the gtVt^, but DO omf^i of the et&t« of the dnseaeed is dl-awa 

from the oreature that eata it. 

BUtK-SaiKABsr OS BIBN-FABDY,— THB HDKTBB& 

The Hun-Bhikarry or Hira-pardy, the Indian hnntera, term 
themBelves Bhourie. They are of short stature, greatly wantinjf 
in intelligence, and timid in their intercourse with their fellow 
men ; while constant exposure to the vicissitudes of the seasons 
and their familiarity with toil and want, has stunted their 
growth and made them block and shrivelled in their fonu. 
Their numbers are great. They range from iJie snowy Hima- 
layahs in the north through the vast plains of Hindustan, till 
at Cape Comorin, beneath the equator, the Indian ocean checks 
their further progress.* From each valley and oaoh forest 
that civilized man has as yet left unoccupied, or has onoe again 
abandoned to the wild creatures of nature, the hunter obtains 
his means of subsistence. The creatures that they kill they eat, 
for, with the exception of the cow and bullook, all animals, the 
elephant, the tiger, and the leopard, the jungle dog and jnngle 
cat, the wild-bou'i the wolf, the iguana, and the rat and mouse, 
are used a« food by the Bhourie. They obtain a little money 
by disposing of the skins of the ftnimalH they destroy, and often 
dam large rewards for destroying the leopards and wolves that 
at all tunes prowl about the outskirts of villages. The women, 
on visiting a town, gain a little money by disposii^ <^ charms 
and antidotes to the bite of a snake or scorpion's sting. 

The language of the Bhourie seems to have little relation to 
that of any of the other migratory nations. It has many words 
like the Guzerattee and Mahrattee. and several of pure Sanscrit, 
The Bhourie are divided into live tribes, receiving among 
themselves the names, 1. Bhatore or Mewara ; 2. Chowhone i 
3. Sawundia ; 4. Korbiar; and 5. Kodiara. It would appear 
that the hunters dwell in distinct localities, restrained from 



" Lt Da Butts, in his Rambles in Ceylon, describes a race termed " Ved- 
d^s," vbo, from kit dewription, teem to be the same bb the Bhouries of 
India. 
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mi^vtiiig to the bunting-grounds of oUier branofaea hj oastotn 
and the fear of puniehment, inatances having lately ocotirred 
where the ma^rate'a autjiority haa been called io to drive 
back tribes, who, urged by want, or enticed by more promising 
wilds, had quitted their own, and located thanaelTee on the 
hunting-grounds of a neighbouring community. 

These communities are governed by chiefs, termed " Howlia/^ 
who attain to their office by descent. It was difficult to obtaia 
exact information regarding these head men ; they woold seem 
to be considered spiritual as well as oivU guides, and among the 
wild untntored minds of these rude creaturun, tiiere seemed to 
be some vague idea that their Howlia is an incarnation of the 
deity. The occurrence of murder or other grave crime my m- 
formanthadneverheardof; butall minormattersare decided by 
these chieft. On tiiem likewise devolves the dutyof summoning 
thedifierent members of the tribe to aid in snaring the tiger, for 
which villagers and proprietors occasionally offer high rewards. 
This, when earned, they divide into three shares, one for the 
god of the river, one for the god of the wilds, the remaining 
third being apportioned equally among those who were present 
at the capture, the Howlia or cfai^ obtaining no greater sum 
than another of the community. They all assembie at the 
Hcdi festival, at the place of the Houlia's rendence, when 
he collects his income, the community subscribing one rupee a 
head. 

Among other modes of obtaining subsistence, thieving is one 
which they look to as no small means of support. Gang rob- 
bery, or any system attended with viol^ice, they are not ad- 
dicted to ; but no field or stack of grain is safe from their de- 
predations when theyare in the neighbourhood. For this, severe 
fines, and death itself, were often inflicted on them, while the 
country was ruled by the native princes ; for though the hunters 
have only a narrow loin-oloth as clothing, and the persons of 
the women are scarcely hidden by the few rags they pick op 
in the fiehls and sew together, yet, when in the grasp of native 
chiefs, the fear of death has made them produce two to five 
thousand rupees to purchase for^veness and regain their fire^ 
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Aom. It may be from tho recoUfictioD of snch scenes, that, 
aotwithstanding their Beeming poverty, all classes assert these 
wretched-looking beings to be the possessors of vast wealth, 
and, when in the fields in their lonely campB, sheltered by a 
few tattered rags stretched overhead, they are at intervals 
plundered by the ruthless robbers we term deooits. 

For the first five yeaj-s after the beard first appears, it and 
the hair is cut once a year, but ever after they wear both un- 
shorn, and their long shaggy locks add to their uncouth ap- 
pearaDoe. The bodies of the dead are buried. Few attain 
sixty years of ^o, and ten is the greatest number of children 
they have known one woman to bear ; nor have they ever heard 
of any one being killed by a tiger, though one of them has as- 
sisted at the capture of eight of these creatures- They call 
themselves a branch of the Dhoongur, the Shepherd or Vesya 
race. 

THE TABEMOOK, OR WANDERING BLACKSMITH. 

The Wandering Blacksmith is known in the Dekhani lan- 
guage, aa Ghissaris ; ae Lobars by the Mahrattas ; and from the 
Caaorese they receive the name of Bail-Eumbar, but they term 
themselves Taremook. 

Their traditions affirm the northern provinces of Hindustan 
lo have been their original country ; but the cause or the pe- 
riod of their emigrating thence has not been preserved. As a 
race, they are dark, though not black, and somewhat taller 
than Hindoos in general. They are to be seen dwelling on 
the outskirts of almost every village throughout India, though 
their numbers are not great ; the largest number of families 
the old Taremook who gives me this information has ever seen 
in one place, amounting to ten, a community of perhaps sixty 
people. It is rare to find them occupying houses in towns,; 
but, for the greater facility of migrating, they encamp outside 
the walls, where they reside, exposed to the changes of the 
weather, from which they arc barely sheltered; a ragged and 
patched doth, two or throe yards long, being all a family have 
for their protection. They are blacksmiths by trade, and are 
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very poor, living &om hand to mouth. The women colloct 
wood in the jungles, to make the oharcoal necessary in their 
husbands' trade : the movement of the forge-bellows is likewise 
the duty of the women, many of whom assist their husbands 
by working the sledge-hammer. Their language they term 
Taremooki : that spoken by the communities in the Dekhan 
contains several Mahrattee and Canaree words, a mixture pro- 
bably resulting ^m tfaeir lengthened sojoom on the 1)order 
countries of these two nations. 

The richest Taremook my inrormant has ever seen, was said 
to be worth ten thousand rupees ; but though some individuals 
collect a little money, he has never known any one learn to 
read or write. The dress of this migratory race is like that 
of other Hindus. Their religion is the Brahmiuical, Kandoba 
being the deity to which their worship is chtcSy directed. 
Their marriages are conducted similarly to the customs of the 
Hindoos, but intoxicating drinks are largely used. They have 
earned a great name for gallantry, and it is a very usual thing 
to hear of the rough Taremook levanting with another man's 
wife. On the occasion of a birth, they sacrifice in the name 
of Satwai. They bum the bodies of married people, and lay 
the ashes by a river's side ; but the unmarried dead are buried, 
and for three days after the funeral food is carried to the grave, 
though they draw no augury of the state of the soul of the 
deceased from any creature eating the food. 

THE KORATTA. 

This migratory people arrange themselves into four divi- 
sions, the Bajantri, Teling, Kolla, and Soli Korawas, speaking 
the some language, but none of them intennarrying or eating 
with each other. Whenoo they originally migrated it would 
be difficult perhaps now to come to a conclusion, nor could it 
be correctly ascertained how far they extend. The Bajantri 
or Gaon ka Korawa, the musical or village Korawa, are met 
with in Bejapore, Bellory, Hyderabad, and throughout Ca- 
nora. The men of this people are somewhat more robustly f'>r- 
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med thnn the settled population ; but the females are leas tall, 
and more dark than the Canarese women among whom they 
are located. Their food differs from that of the Hindoo as 
well as the Mahomedan ; they never eat the oow or bollock, 
but the jackal, porcupine, hog and wild boar, deer and tigers, 
are sought after and used by them. They deny that robbery 
is ever made a regular mode of earning a subsistence ; an ho- 
nesty, however, that the people among whom they dwell give 
them but little credit for. Indeed, from my own observation, 
on an oooaeion that brought the circumstances of a commu- 
nity to the light, it is difficult to believe that the great sums 
found in their possession could have been honestly earned. 
They live by thieving, making gross screens and baskets. 
The men likewise attend at festivals, marriages, and births, 
ia musicians, which has obtained for them the name of Bajan- 
tri; and at the reaping season all rosort to the fields to beg 
and pilfer from the farmers, for they will not be induced to 
put their hands to labour. The women, too, earn a little 
money by tattooing on the skin the marks and figures of the 
gods, which the females of. all castes of Hindus ornament 
their arms and foreheads with. The Bajantri korawa reside 
in mud huts, in email societies outside the walls of the village 
to which they have temporarily attached themselves. The 
age for marrying is not a fixed time; and, diflfbrent from every 
Ather people in India, the youth of the female is not thought 
of consequence, the old man telling this when a lad with mus- 
taches just appearing, having been married to a woman who, 
five years previously, had attained maturity ; a marriage that 
would have been opposed to the customs and repugnant to 
the feelings alike of Hindoo and Mahomedan. To this wife 
be yet remtuns attached, though it is not unusual to have two, 
three, or four wives in one household, among this people. In 
marrying,, at the hour pronounced to be fortunate by a Brah- 
min, the bride and bridegroom, smeared with turmeric, are 
seated on the ground, and a circle drawn with rice around 
them. For five days the musicians attend before their door, 
and the whole concludes by the neighbours gathering round 
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and BprinkliDg a few gratna flrom the rioe circle over Uie ' 
couple. The married wcHnen wear the tali round dieir necki^ 
which is broken on the husband's death by the relatires of Uie 
deceased. This people live virtaoiuly ; the abandonment of 
their daaghters is never made a trade of, and other olaHM 
speak favourably of their chastity. 

They respect Brahmins ; and though they never, or at lea«t 
very rarely, attend places of worship, they eeem to respect the 
gods of the Hindoo mythology, and keep in their houses small 
silver images of H&numan, which they onoe every two or 
three months worship with songs, and sacrifice, and music. 
Their foreheads, too, are tattooed with the mark of Vishnu ; 
but they offer up no daily prayers. 

THE TELINCt KORAWA, OR EOBAWA OP TELINQANA. 

This branch of the Korawa people ate generally known aa 
Kusbi, Korawa, Aghare Pal Wald, prostitute Korawas, the 
sitters at the doors of their tents ; but these names the people 
themselves consider opprobrious. The form of their features 
is altogether different from that of the Bojantri Korawa, the 
shape and expression of the countenance being similar to the 
inhabitants of the Coromandel coast — the country, if we judge 
by their name, Teling, whence they originally migrated : but 
wandering from place to place for a livelihood, wherever the' 
Madras troops marched under Sir Arthur Wellesley, they fol- 
lowed, and are now found located in most British canton- 
ments. The Teling Korawa gain a livelihood by basket- 
making and selling brooms, in making which their wives assist ; 
but their chief means of subsistence is in the prostitation of 
their female relatives, whom, for that purpose, they devote to 
the gods from their birth. 

When the lives of children in India are despwred of, the 
fond mother, whether Mahomedan or Hindu, wills that it 
should live, though sickness and destitution be its lot through 
life ; and when agonized by the prospect of its death, she vows 
to devot-e her offspring to the service of the deity, should its 
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life be spared. With the Mahomedans, the tuale children 
thna devoted beoome durveehes, and their females termed 
' Mustanis,' attach themseivee to one or other of the four largo 
communities of Fakirs, who beg in India, the Mustanis being 
eapposed to live a life of virtne. Amongthe Hindus, again, there 
are two claaees of devoted women, the one attending the tem- 
{jes and living a life of ehastit^', the other class fulfilling tho 
vows of their relatives, by promiscuously sacriGcing to sensual 
love. The Brahmins, who, worshipping a deity generally as 
pure theiste, whether followers of Brahmna, Vishnu, or Siva, 
are seldom guilty of thus throwing their females on society ; 
a^d this practice seldom obtains among the better classes o( 
Hindus even. But as thb pursuit of the women thus devoted, 
however public it may be, entails no disgrace npon the women 
themselves, or their families, many of the low castes and mi- 
gratory tribes of the Hindus have readily taken to a. practice 
which allows them to follow a profitable calling, without suf- 
fering in the opinion of their neighbours ; and as the poorest 
and most wretched community in India attach tho utmost im- 
portance to the purity and conjugal fidelity of their unmar- 
ried and married females, the low castes and outcasts to whom 
money offers a great temptation, devote their femaJe children 
in their earliest infancy, and thus are able to practise their, 
profession without restraint. 

The goddess, in whose service the lives of the Teling Kora- 
was* devoted women are thus to be spent, has her chief shrine 
near Bellary. They never devote more than one of their 
daughters ; the rest are married and made honest women of. 
The devoted women, notwithstanding their loose lives, oc- 
casionlybeor children, so many as four having been the children 
of one mother. Thes6 children are treated as if legitimate, 
being admitted without purchase to all the rights and privi- 
leges of the casta It is probably owing to this intermixture the 
varied colourswe find among them arise, changing in individuals 
from the fairness of the Brahmin to that of the darkest co- 
loured Sudra. 

They have no rules or laws among their community for self- 
government' They eat the deer, the hare, and the goat ; but 
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the oowiB considered a sacred)' (md the bog an accursed' am- 
mali and never used as food. No one can read or write. 

They are very rarely allowed to reside inrade towns ; but 
wben this liberty b granted them, they pitch tteir tents or 
erect grass huts at a disttUQce from the dwellings of respect- 
able people. The women wear a boddico (choli) open in front, 
and a earhi ; the men dress as Hindus usually do. 

This branch bury their dead, and the food that was most 
liked by the deceased is placed at the head of the grave. The 
meet favourable omen of the state of the departed soul is 
drawn from its being eaten by a crow ; less auspicious if by a 
cow ; but if both the crow and cow decline to eat it, they deem 
the dead to have lived a very depraved life, and impose a heavy 
fine on his relatives for having permitted such evil ways. 

Their religion is the brahminical, and Brahmins assist at all 
their ceremonies. Their language is nearly similar to that 
spoken by the Bajantri Korawa, with whom they agree in the 
arrangement of the Korawas into four branches. The other 
two, in addition to the Bajantri and Teling Korawa, I never 
met in with. They are called Koonsi Korawa, and the Patra 
Korawa, or Fatr Pulloo. Their manners and hal>it8 and mode 
of life are scarcely dissimilar from one another ; all of them 
can converse in their own language, but they do not eat or 
marry with an individual of a different branch. 

THE BHATOO. 

This migratory people are known in India by the name 
of Doomur or Eollati. They are spread over the whole of 
the great continent ; but though retaining among themselves 
the name of Bhatoo, they are arranged into several dbtinot 
tribes, speaking different tongues, and holding no intercourse 
with each other. One of these tribes occupy the country from 
Ahmednuggur in the north, to Hurryhur in the south, and lie 
between Bellary and the western shores of India. 

The Bhatoo are seldom tall, rai-ely exceeding five feet two 
inches in height, and the women attaining a proportionate size. 
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At tbe period of adoleecenoe, however, tlie young mea and 
women are perfect models for the sculptor, the plumpness of 
that age rounding off the form, and hiding the projecting bones 
and the hollows between tbe muscles, which, in after life, the 
profession that both sexes follow too prominently develop. 
They are " Athletse ;" and the boys and girls are trained to the 
most surprising feats of agility ft-om their earliest infancy. 
Besides this, which is their ostensible mode of gaining a liveli- 
hood, the men of this wandering people earn sums of money 
by exorcising demons from the persons of those they possess ;* 
but what they most trust to for support is devoting tJieir female 
relatives to the gods. 

The various castes of Hindus have their various gods, at 
whose shrines the children are devoted ; but the god of this 
Bhatoo is Kandoba,t in the village of Jeejoorie, near Poona. 
About the a^ of five they carry their female relations there, 
and after performing sacrifice, and burning frankincense, they 
lay the girl at the feet of the deity, to which she is now con- 
sidered married. Theao devoted women, and all the male 
children, are regularly trained to athletic exercises, and the 
community wanders from village to village to exhibit Most 
of their feats are performed by means of a bamboo- On the 
morning of the day they intend exhibiting, they abstain from 
all food, and to this rule they attribute much of their freedom 
from disease ; and my informant, an old man sixty years of age, 
can recollect no instance of rupture among them. Before his 
own eyes, however, be has seen four people killed by falls from 
the bamboo, innumerable injuries sustained by others, and he 
himself has his right elbow joint fearfully crushed. 

They settle unimportant points among themselves by arbi- 
tration, but all serious matters are brought for the decision of 



* Inwuio people are ftsquently takan to have the demon out forth to these 
people, and are occuionallj placed in a deft of a tree, — these, of conrse, are not 
benefitted by the pro«esaM, but demraiB are freqoentlf oaat oat of gtoflt who had 
nodemoiiaiiithem. 

t An incanution of Mahodeva. 
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their Britiah mlere. They are totally uneducated ; the old man 
giving me this information has never seen or heard of any one 
who could read or write. Impreesed with the belief, prevalent 
througboat India, that the muscular system does not retain ito 
vigour after marriage, the Doomur or Bhatoo delays marrying 
till middle-aged ; and then, owing to the great expense the cere- 
monies when taking a young wife occasion, the Bhatoo usually 
allies himself with a woman who, having been devoted to the 
gods in her infancy, hoe now become too old to make a trade of 
her charms, and too stiff to take a part in the athletic exhibi- 
tions. Two or three hundred rupees are expended in marrying 
a young wife ; but the ceremonies for the older women are com- 
pleted in a day, and cost only ten or twelve rupees. Yet, not- 
withstanding this mode of life, they are not unprolific, my In- 
formant having seen five, six, seven, and even eight children 
bom of one woman who had been devoted in her infancy to 
the gods. 

They never eat the hog, the cow, the bnllock, or the horse. 
They call themselves Mahrattas, but their religion seems essen- 
tially different from the Hindus around them. Theyown attach- 
mentto none of the three great divisionsof the brahminical faith, 
and when asked whom they worship, they reply, " Narayan," 
the Spirit of Ood ; but the particular object the Bhatoo pays 
his devotions to is the bamboo, with which all their feats are 
performed. At Uie village of Thekoor, near Kittoor, the shrino 
of the goddess Karewa has been erected on the summit of a 
hill, around the base of which dense forests of bamboo grow. 
One they select, and the attendants of the temple consecrate 
it. It is now called " Gunnicfaari," Chief, and receives their 
worship annually. To it, as to a human chief, all respect is 
shewn ; and in oases of marriage, of disputes requiring arbitra- 
tion, or the occurrence of knotty points demanding consultation, 
the gmuiicbari is erected in the midst of the counsellors or ar- 
biters, and all prostrate themselves to it before commencing 
the discussion of the subject before them. The Bbatoos do 
not keep idols. 

All the dead axe buried ; when they consign one of their 
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people to the earth, they place rice and oil at the head of the 
grave, and stand near to watoh what creature comes to eat 
it, drawing the happiest omen of die state of the departed from 
the crow visiting the spot. 

IHE MUDDiePOS. 

Many names have been given to the migratory people we 
are now noticing ; Eeeli Katr, or Kootaboo, Kublgira or ferry- 
man, Koli, and Barkur, are those most usually employed ; but 
Muddikpor is the designation they apply to themeelvee. They 
are generally tall and powerful men, with an olive-yellow com- 
plexion, and are now very numerous throughout India. They 
Bay that their original locality was the village of Talicot, near 
Sorapore, and that however far they be now dispersed, all 
classes continue to speak the Mahratta tongue, though they 
must likewise acquire a knowledge of the language of the 
country they wander about in, to enable them to earn a liveli- 
hood. Their traditions carry back their origin to the obscure 
periods of Hindu history ; and they say they have sprung from 
ten individuals, and thus account for the ten tribes Into which 
we now find them divided ; and this traditionary account of a 
common origin receives corroboration from the circumstance 
that all the tribes marry and eat together. 

In each tribe an individual is superior to the others, to whom 
the rank descends by birth, though no title is attached to the 
office. All diaputos that arise are arranged by a jury, whose 
decisions are made in accordance with the customs of their 
forefathers received by tradition. 

These wanderers earn a living by catching fish with nets, 
and their women earn a little by knitting, and by tattooing the 
dark blue marks on the foreheads of the brahmins and lingaets ; 
but their chief occupation is the exhibition of the transparencies 
used in representing the battles of the Panch Pandya, five 
brothers, whose exploits are, we believe, detailed in the Rama- 
yana. The figures are painted on deer-skin with very brilliant 
colours, and the story being ono the Hindu never tires in listen- 
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ing to, in every village after night-fall you may seo tho repre- 
sentations of the battles, and heat the Keeli Eatr describing 
tKe heroes' deeds. 

Their females are very virtuous, and one woman has been 
IcQown to give birth to twelve children. Beading and writing 
is unknown among them. Their dress and food ore the same 
OS the Hindus among whom they dwell. 

They live in square huts formed of grass sewed together, 
the whole being perhaps a rupee in value. These they them- 
selves make and carry with them at their periodical migrations, 
which custom renders obligatory every three months, — a longer 
stay would, they say, subject them to some dire calamity ; and 
as the third moon passes by, the spot that yesterday was a 
merry encamping ground is to-day a desolate and unoccupied 
waste. 

The Muddikpor seemed to me to have no idea of a supreme 
being. They pay their devotions to the transparent figures 
with which the battles of the Fanch Fandya are represented : 
the box of bamboo containing them is each morning placed on 
a part of the floor fresh covered with cow dung ; and on the lid 
being opened to expose the drawings, they bum frankincense, 
and bow down to the ground in worship, — " Oh Fanch Pandya, 
by you we live, continue to ^ve us our daily bread !" 

They are not restricted to one wife, and they bury all their 
dead, except lepers, whom they bum. 

The languages spoken by these tribes are not understood 
by any one of a tribe different from their own, though there 
seems a general similarity among them, as will be scon from tho 
few words I obtained. The Sanscrit, Tamil, Telagoo, Guze- 
rattee, and Mahaxattee, have been placed to enable a compa- 
rison to be made. 
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Description of an Improved Water Meter, invented by Mr 
Alexander Milchelt, Watch and Clock Maker, Qlaag<m. By 
James Thomson, Esq., F.R.S.E., M.R.I.A., F.II.S.S.A., 
Civil Engineer, Glasgow. (With a plate.) Commtinicated 
by the Boyal Scottish Society of Arts.* 

The action of the meter, referring to Plate I., may be de- 
scribed as follows : — 

The supply-pipe /y being connected to the water main by a 
coupling, &c., in the uaual way, the water flows through the 
valve g, and passing into the cylinder khhh a.ij, is discharged 
by the pipe k into the receiving cistern ll,'itora which the 
water is drawn off by a stop-cock ?. 

Upon one end of the axis or spindle of the screw a a is fit- 
ted a pinion d, working into the train of wheels e e « e, so luv 
ranged as to indicate the quantities of water discharged 
either in gallons or cnbic feet, similar to the index of gds 
meters — the whole being set in motion by the flow of wa- 
ter through the cylinder acting upon and causing to revolve 
the Archimedean screw enclosed within it. To prevent the 
screw from being driven forward by the water, and in order 
to reduce the friction to a minimum, the end of the axis at d 
has a hard steel point inserted, which works in a cook or pot- 
tance fitted outside, and enclosed in an oil box, supplied with 
oil through the filler d. 

In order to render the indications of the meter uniformly 
correct, under different heads or pressures of water, the fol- 
lowing very ingenious method of adjustment is adopted : — 
Upon the axis of the screw are fixed four thin brass wings or 
leaves cccc, each moving upon a separate hinge or pivot d, 
fixed at right angles to the axis, with screw-nuts upon the 
end of each pivot, by means of which the wings can he main- 
tained open or shut at pleasure, and so lessen or increase the 
discharge of water at each revolution of the screw. The 
lower piur of wings m the drawing are represented slightly 
open. With thb power of adjustment, it is very easy to re- 

• Reaa before the R(^ Scottish Soctet; of Arts, IStii Deo. 1S13. 
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gulate thfl quantity of water discharged under different pre*- 
mrea, ho as to correspond exaotlj? with the index and train of 
wheels, which can host be ascertuned by trial upon settuig up 
the meter, say by a measurement of 20 gallona, and openit^ 
or dosing the fly leaTes, to bring the guantity metuured and 
the index to correspond. 

\i will be evident that the quantifies of water paasing 
through a meter, opon this principle, would be correctly indi- 
cated down to that quantity requisite to overcome the friction 
of the screw, below which amount, however, the water would 
pass through the cylinder without affecting the index, and con- 
sequently without being registered. Although the quantity 
thus passing would not be considerable in a well-oonstruoted 
meter, Mr Mitchell has recently introduced an unprovement 
which completely obviates this objection, and renders the 
indications correct under any ciroumstanceB, and down to 
tho smallest quantity. 

This is accomplished by means of the conical valve oock y, 
which is so constructed as to act instantaneously, and so keep 
the supply either flowing at the full bore, or suddenly shut off, 
when the cistern is full. The opening and shutting of this 
valve is effected in the following manner:— To the end of the 
lever hh, which works upon a journal, and is t^sed or de< 
pressed by the ball-float t, are attached the two arms pp and 
o 0. As the water in the cistern rises, these arms are carried 
forward without acting, however, upon the valve, until one of 
the chains, connecting them with the lever and lead-weight 
n n is upon tho stretch. At this point the lever and weight 
are upon a balance, so that the least further rise of water in 
the cistern carries it suddenly over, and allows the valve y to 
dose. A reverse motion takes place on tho fall of the cistern 
water, the action of the other arm and cluun pp opening the 
valve, which a small catch retains in its place agtunst the 
force of the supply water. To prevent any injury to the pipes 
from the sudden action of the valve, an air-vessel m is attached 
to the eupply-pipe immediately above the position of the valve. 

The introduction of this improvement, which prevents the 
possibility of water passing unregistered through the cylinder, 
renders this description of meter very perfect, and capable of 

you XKxv. wo. txrx. — july 1843. n, 
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mAiwHog aoenrately the amaUest m well as the largest quan- 
titiea. From the small cost, too, at which they can be mana- 
factared, it is to be hoped they will soon be broi^ht into ge- 
Dfintl ose, and aubititutedfor the present ttnegual mode (^wa- 
ter tutegtment upon house rent. 

KefernMt to the PlaU. 
A B C D. Outer cam of tbia cut iron for enolosiiic th« 4ppuatiu ibcwn 

in tectjon. * 

a a. Aretiiiiiedssa screw working in the cylinder bb. 
ce. Thin bittu wingt or Syt, with sdjiuting screws for reguUting the 

motioa of the terew. 
4. KidoB upon the end of the icrew-ipindle or ucii. 
cee. Tntin of wheels let in motion by the pinion d, to indicftt« the 

quantity pMsed through the cy Under, closed in with a glass &oai 
/ Supply pipe, 

g. Yalre worked by the lever h h, connected to the ball float i. 
hk. lieve^ for opening and shutting the tsItb g- 
A. Disahw^-pipe flowing into the cistern II. 
•n. Air vessel to prevent mjuring the pipe on opening and shutUng oC 

the valve. 
H H. Lever, with lead to retain the valre open or shut. 
ff and pp. Arms fixed upon the end of the lever h h, and attached with 

chuns to the lead-weight n. 

BbPORT of OOHltlTTBB. 
Yoor Committee having met with Mr Mitchell, and hav- 
ing again heard his explanations, and oarefnlly examined the 
water meter mbmitted to them, came to the following con^ 
elusions :— 

1. That 08 far as they can judge, this meter may bo consi- 
dered Buffieiently accurate to form a fair measure between 
water companies and their customers. 

2. That its oonstraction is simple, and well devised for 
permanent practical use, being little subject to derangement 
from the wear of its parts. 

3. That its rate of registration being susceptible of easy 
adjustment, either in plus or minus degree, and its actual de- 
Mverj, during certain portions of time, being always ascertWD- 
able by the consumer, its use may be adopted with oonfidenoe, 
as being alike equitable to the suppliers and the consumers. 

All which is respectfully reported by 

Thos. Goeiq, CbJHv. 

13lA Dtembtr 1842. 
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DeicripHon, tnth Drawing^ of a Sel/'Aetit^ Stopper for Wind- 
in^Engines. By Mr John Maxton, F.R.S-S.A., Engineer, 
late of Greenock, now of Leith. (With a Plate.) Oommuai- 
cated by John Scott Russeii, M.A., F Jl.S.E., F.B.S,S.A." 
Communicated by the Royal Scottish Society of Arte- 

My attention having been directed to the numerons aooi- 
dentBwhieh occur in conaequeneeofWiuding-enginesatcoal-pita 
being left in charge of oarelesB en^ne-men, I designed the ap- 
paratus, represented in Plate II, to be attached to the gearing 
of the engine, so that, independent of the engine-man, the ma- 
cbtoery would stop when the tub or bucket bad reached its 
proper height. 

In fig 1, A is the fly-wheel shaft of engine, on whioh is'fixed 
a bevelled pinion B, which works the wheel 0, into the eye of 
this wheel a screwed rod J moves, having an oblong hole D 
at the opposite end; V is the eccentrio rod, E U the double 
hand-gear crank, O is part of the fly-wbeet, /> is a friction- 
strap, F is a lever with a heavy ball of metal on the upper 
end, 6 is a link connected to the eccentrio rod. In this link a 
pin, fixed in a lever H, is made to move freely, so that when the 
edge of the oblong hole D comes in oontaot with the ball-lever 
P, it will throw it either way, according to the direction in 
which the engine and screwed rod J moves ; when the lever F 
falls, it will tighten the friction-strap on fly-wheel, and throw 
the eccentric rod out of gear ; by the pin in the lever H acting 
on tile top, or under side of link G. The reason why the link is 
long, is to allow the crank and pin H to travel (by the screwed 
rod in wheel), without moving the eccentric rod out of gear, 
tSt it arrives at either top or bottom of link, which la the proper 
time that the engine should be stopped, the tubs being then 
at the proper height. A handle is attached to the shaft K, for 
the purpose of allowing the engine-man to take the strain off 
the friction-strap to let the engine get under way. Figs. 2, 

* Bead before the Rofal Scottish Society of Arts 2*th Jsnuary 1842. Re- 
port of Committee read aud ^proved I3th June IS43, and the Boeietf '■ Bilver 
M«dal,valiia Tea SoretelgnB, awordcil 14th KoTembei' I81S. 
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S, and 4, shew the apparatus in its different positions. The 
estimated cost of Ae whole is about 20s. per horse-power. 
John Maxton. 

Gbbxkook, \2th Nov. 1841. 

Beport of Committee of the Royal Scottish Society of 
Arts on Mr Maston's Stopper for Winding-engines. 

We have carefully examined and considered the paper and 
drawings illustrative of Mr John Maxton's invention, for the 
purpose of preventing the accidents arising in collieries from 
the over-tBinding of the ropes by which the coals, &c. are raised 
from the pit, and we have to report as follows :— 

FtTtt, The apparatus has not, we believe, been yet tried, 
and in BO far OS we can form an opinion, without having seen 
it in actual operation, we consider that there is no practical 
difficulty to prevent its answering the purpose intended ; and, 
Secondly, We are of opinion that much ingenuity bos been 
displayed by Mr Mazton in designing the mechanical arrange- 
ments by which the object in view is proposed to be efTected. 
David Stevenson. 
Hugh Mortok. 
John Mackie. 
EDWBtmoH, Wth May 1842. 

Addendum. 

In heavy winding-engines it is necessary to decrease tho 
quantity of steam as the tub approaches the enrface. I, there- 
fore, think it would be necessary to have a connection betwixt 
the apparatus and the throttle-vatve of the engine, so that 
the steam could be cut off at the same time that the eccentric 
rod is thrown out of gear ; and this I think could be very 
eafdly effected. 

John Mackib, Mining-Engineer. 

AUOA, 31*1 Jfoy 1843. 
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fottteript to Description of Mr Tait's Portable Diorama, mhieh 
may be vieieed by a number of perume at a time ; on page 
275 oftMe preceding volMne, Gotnmuoioated by the Bojol 
Scottish Society of Arts.* 

The quantity of extraneous light seen by the epeotaton, 
under the arraugemeDt described in that article, is much 
diminiBfaed, and the eflfect produced ia proportiooaUy improved, 
by placing aoross the board in front of the piotures, a parapet 
covered vrith black velvet, as high as the bottom of the pic- 
tores, and at such distanoe from them as to oUow the stray 
rays from the front light to fall behind it ; and by covering 
the whole of the upper surface of the board, in front of the 
parapet, with black vdvet, removing the check-pins to the tide 
of the board. 

O. T. 

Edihbukob, 17t& ApritlS^ 



Some Semarka on the Method* in common ute of obtaining tke 
Mean Temperature of Plaeetj and on the luppoeed difference 
between the Temperature of the Air and that of the Earth. By 
Professor W. M. Cabpbntee. 

It is stated by Humboldt and others, that the mean tem< 
perature c^ the coldest springs in warm climates, is often lower 
than that of the air of the same places. If we examine those 
agencies in which atmospheric temperature originates, and by 
which terrestrial temperature is modified, we shall perceive 
that such a condition could not exist, and consequently, that 
the observations on which such conolu»ons were based, were 
not accurate, or that some unsuspected agency must modify 
the relations which should otherwise be constant. In examin- 
ing the meteorol(^cal records of our own country and of other 
parts, and comparing the observations made by different per* 
sons resident at the same places, we shall perceive that the re- 

• Bead Ixifors On Rofid Scottish Societj of Arti 8th M17 1843. 
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54 Professor Carpenter on the tupposed Temperature 
milts differ not more from the mean tempostnre tA the ^Mee, 
than from each other. These discrepantnes, or rather these 
dep&rtores from accorate results, are dependent on many 
oironmstaoces. In the first place, thermometers of verjr In- 
ferior quality are in very general use, and they will often differ 
in the results afforded by four or five degrees. In the next 
place, BtifiBcient importance is not attached to the position of 
the instrument ; and instead of having it completely protected 
from refiection, and in almost complete obscurity, taking oare 
at same time to secure a free circulation of air about it, we 
find them often in such a situation as to receive from walls or 
the earth, a considerable portion of reflected heat; often 
in closed apartments or against walls, the temperature of 
which is influenced throughout the day, by the full force of 
the sun. Galleries fronting the north are favourite places for 
suspending thermometers, under the impression that no heat 
is reflected from that side. In this way we often And, in this 
climate (the United States), that when a thennometer proper- 
ly placed gives a temperature of 90° or 91°, all the othera in the 
vicinity will stand at 95°, 100°, or even 110°; so that the annual 
mean derived would be very greatly above the true one. There 
is, however, it appears to me, a source of error much more gene- 
ral. I speak of the methods of calculating the mean after the 
observations have been made, and of the adoption into gene- 
ral use of methods which have been found to ^ve correct re- 
sults at particular places. The methods most in use are the 
following, viz., to take three observations, and from these cal- 
culate the mean directly ; some fix upon sunrise, 2 P.H., and 
sunset ; others, as in the Army Meteorological Re^teri 
and in those of most of tho meteorological societies, upon 7 
A.H, 2 P.M., and 9 p.m. I have ascertained, by taking the 
mean of hourly observations made here by myself, that any of 
these methods give means which, during every season of the 
year, are too high, and that the error in excess is greater, in 
proportion as the diurnal exceeds the nocturnal temperature. 
The last method, which is now in most general use, has pro- 
bably been adopted in colder climates, as agreeing experimen- 
tally in its results with those deriv,;d from more frequently 
repeated observations during the same period ; ^-.possibly 
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under the impression, that the 9 p.m. observation would give 
sn f^proximation to the noctarnal mean, while the diurnal 
temperature would result as a mean from those at 7 A-H. and 
2 P.M. In either case this method might be best adapted for 
many climates ; but, as the relative value of the temperatures 
at times fixed for observation are not constant, but will yaty 
in passing from one climate to another, there is nothing in tli6 
method to suit it for universal use. The fact is, it appears to 
me almost impossible to fix upon any method, except that oiT 
hourly observations, which will in every place afford even 
an approximation to the truth, or obtmn harmoniouB results 
from elements the relations of which are so variable oa those 
of the temperatures of particular hours- The method which I 
have adopted, and had in use about three years, I have found 
experimentally to give results, for this climate, almost in pre- 
cise accordance with those derived from calculations based upon 
hourly observations. I have constantly kept daily observations 
at 6 and 7 A.M., 12 H., 2 P.M., sunset, and 9 P.M., so that I have 
been able to give my observation any of the common tabular 
forms, and have always obtained the general results according 
to each of the methods, and the results have verified my previ- 
ous conclusions by varying from each other bs follows : The 
mean annual temperature of this place (Jackson, La., U. S.), by 
my method, is 64.24°, Fahrenheit ; as derived from the sunrise, 
2 P.M., and sunset observations, 66.30° ; and, during the same 
period, the mean obtained from the 7 a.m., 2 p.m., and 9 P.M. 
observations is 65.02°. In this way I have compared results 
by each method with each other, and with those obtained from 
hourly observations. I have found that the following method 
gives for this place results more accurate than any other I 
have been able to derive. The mean temperature of the diur- 
nal portion of the twenty.four hours is derived as the mean of 
the highest and lowest temperatures of that portion ; that is, 
of the sunrise observations and that of 2 P.M. The nocturnal 
mean will, in like manner, result as the mean of the highest 
and lowest temperatures of that portion ; that is, of the sun> 
set and sunrise observations. The average of these two means 
will give the mean for the twenty-fonr hours. By this method, 
the Bonrise temperature being the loweot for the tweaty-fom* 
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JuMire, wUl beloDg to both the diurnal and nocturnal portions, 
and will enter tnice into the calculations, vhile the other two 
obserratione will represent the maxima of the portions of the 
twentj-fonr hours to which they respectively belong. 

If it is, as I suspect, then, that the results of obBervations 
and calculations are, particularly in hot countries, froquently 
too high, a little attention to the subjects above hinted at may 
shew that there is really no difference between the mean tem- 
perature of climates and of water derived from Buch depths as 
not to be affected by the change of seasons. In my tables the 
most exact agreement is shewn between these temperatures 
at this place. The same ^^pears to be the case in the island 
of Cuba, notwithstanding that we find the following statement 
in the table in which Professor Knpffer compares the annual 
temperature of places with that of the earUi : " Havana, tem- 
perature of the earth, 74.30° ; of the air, 78.12'." Now, Ha- 
vana and Matanzas are in the same latitude, or nearly so, luul 
there can be but little differeooe between the temperatures at 
the two places. (Ir A. Mollaiy, in this Jnumol, vol. xzxi. 
p. 289, £i.ves the annual temperature at Matanzas as 77-06°, 
Fahrenheit, which he derives as a mean of the following aver^ 
ages of observations: Sunrise 7'2^.T, 2 p.m. 81.41°, and sun- 
set 77.61° Fahrenheit. Now, a mean of these observations 
would unquestionably give a mean too high by more than a 
degree, which would reduce the mean to about 76°. My 
friend Mr W. H. Potter has been kind enough to examine the 
temperature of wells, &c., for me, during a residence of a year 
in that island, particularly near Cardanus, in the satno latitude 
and near Matanzas, and the observations frequently repeated 
through the year ; and the temperature, apparently invariable 
was 76° Fahrenheit, thus affording a probability, at least, that 
there also the mean temperatute of the air and of the earth, 
at a certain depth, is the same. 

What inferences might not be drawn by travellers in this 
country, particularly if they belonged to the antt-Huttonian 
school of geologists ! I will not go out of my own neighbour- 
hood. The temperature of water taken from strata whose 
average depth below the surface should be seventy or eighty 
feett would be found to have at Baton Kouge a temperature 
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of about 64.50° Fahrenheit. But we are informed by the 
tables of the Army Meteorological Register, that the annual 
mean for that place is 6&.07", making a difference of 3.57°. 
Now, we cannot mistrust the accuracy with which the obser- 
vations were noted in this case, nor tho correctness with which 
the calculations were made ; but there can be no doubt that too 
high a temperature has been obtained for want of attention to 
things generally considered as of minor importance, and in 
oonsequcRce of the too general adoption of methods which 
have been found to give correct results in other climates. — 
^American Journal of Science and Arts, vol. xliv-, No. 1, p. 50. 



Ohtervatvme on the Temperature and H^grorrwlric State of the 
Atmotphere of the Inland of Bwrhadoet. By Robext Law- 
son, Esq., A£sistant-Surge6n 47th Regiment.* Communi- 
cated by the Author. 

Having in the course of sNrice proceeded to the West Indies in the 
beginning of 1841, 1 gladly availed myself of the opportunity to make 
a series of observations on some branches of meteorology, which were 
more immediately within my reach, and which seemed likely to be of 
use in elucidating; the action of climate on the constitution, believiug 
that the results, limited although they be, have an important bearing on 
some of the atmospheric phenomena within the tropics, I am induced to 
lay them before the public. My attenljon was chiefly directed to the 
temperature of the atmosphere, the dew point, direction of. the winds, 
and portion of the sky obscured by clouds. The observations were 
made three times daily, at 9 a.u., 'A p.u., and 9 p.m., with as much regu- 
larity as the nature of my duties would permit. Theywere commenced 
in May 1841, and continued until my return to England in February 
1842. 

Having no data wherewith tn reduce the temperatures at the above- 
mentioned hours to the mean of the day, I commenced, is Jiine, a series 
of observations of the thermometer every hour between 5 a.m. and 10 p.m. 
(both inclusive), and which I was enabled, with but little interruption, 
to continue to the end of August. From this date, the pressure of du^ 



" Abttrad: of a F*per Uld hefiire ths "BffpX Sode^ of £dinbui(h, March 7, 
18*8. 
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wM BUch, SB to prevent my uadertaking ^ain tbe hourly obflerv&tJoDl 
even for a few days. 

The eiroTB of one of the thenitoioet«rB employed in these observation*, 
haYe been determined with a good deal of care, nearly in the manner 
recommended by Professor Forbes, in a paper embracing thia subject, 
in the Philosophical Transactions, and those of the others were obtained 
by comparing them with this one. The errors of the register thermome- 
ters are, I believe, known everywhere to be about the tenth of a degree 
Fahrenheit, and those of the others certiunly considerably within that 
quantity. All the obBervations haye been corrected for the errors of the 
corresponding instruments. 
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The following observations were made at St Ann's, Barbadoes, which 
lies on the SW. tide of the island. In lat 13° 1' N., and long. 99" 37' 
W., and is about a mile and a half to the southward of Bridgetown. 
St Ann's is situated on a pretty extensive flat, resting on one side on 
the sea-shore. It is elevated about 30 feet above the level of the sea, 
and is perfectly open to it from the E.S.E. to the NW. To the aorth- 
ward and eastward the land rises gradually by a succession of flats to 
a moderate elevation, but does not seem to offer any obstacle to the free 
course of the trade winds. The distauco from St Ann's to the wind- 
ward fide of the island, between E. and N.N.E., varies fi«m II to 13 



The thermometers were placed on the windward side of a building, in- 
side jealousies, which were cloEcd so as to prevent the action of reflected 
light or heat, though a current of air at all times passed freely through. 
Outside the jealousies was a wide verandah, perfectly open to windward, 
which effectually screened the instruments from the direct action of the 
■un. The room was occupied as a sleeping apartment, but the jealousies 
to leeward were constantly open, and arrangements were made to admit 
of the thermometers being exposed to a constant current of air boin 
without, while the communication of heat fr^m within was as much di- 
minished as possible. There was never a fire in the room, and Ughia 



i employed in it only a few minutes at a time, to read off the ti 
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pM&toMB; thftt KotvrttliatandiDg these prccantions, tlie teinpentunB 
ftfiBi the hour of mlnimmn wen Bomewhat ftSTected hy the alight esceu 
of heat in the Toom (utd mrroanding materiab, aboTe that of the air, I 
kftve DO doubt ; but am Inclined to think thttt it muBt be verj slight, 
and will not mateiialljafiect the deductiooa to bo drawn from the whol6 
body of observations. 

The following obserratione were made at mean time, as shewn bj a 
good watch, the errors and rate of which were found by altitudes of tbd 
eun once a week. Every observation was made by myself, and I think 
that nowhere in the hourly observations can the difference, on the mean 
of a month, between the real time of obaervation and corresponding 
hour, exceed a mlnuta either way. 

Tabli L, ahewing the means of Temperatura for each hour in the months 
of June, July, and August 1841, at Borbadoes, Also the whole num- 
ber of Observations at each boor, and the corresponding mean Tein- 
peikturee fbr the three months, together with a series of numbur* 
calculated on the iupposition that the diurnal changes of Tempera- 
ture may be represented by {larabolic curves. 
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. As DO obserratioDs were made from 11 p.m. t« 4 i.u., it wu aece»ary 
tbat this gap should be filled up, before tbe roeso temperatnre could b« 
found. SirDaTidBrewsteThadloDgagoehewn, in thecaMoftbetherroo' 
metrical observattong at Leith Fort, that the curve of diulf t«mpeTatui« 
might be repreeeat^d, with coneideiaible accuracf , by parabolic arcs. 
On projecting the above obBervatioas, tiieir resemblance to parabolic 
curves was sufficiently obvious, though differing in Qteir arrangement 
considerably iram those at Leith. In the present case, the 10 p.m. 
observation gives a temperature leas by O'.OS only than that obtained by 
calculation, and the 5 a.m. observation one greater by O'.Od; conse- 
quently, the actual cuive of temperature mnst have croaseit that obtained 
by calculation, between 10 p.m. and 5 k.«. ; and it is not lilcely, that, 
bad the observations been continned at the intermediate hours, the 
resulting -temperatures would have differed materially from those af- 
forded by calculation ; and, as any difference that may exist between 
the latter and former will aSect the mean temperature, derived from 
tbe whole observations, by only one-fourth of its amount, I have not 
hesitated to insert them in the above table, in place of actual observa- 
tions, in order to derive from the whole tbe mean temperature for the 
three months. 

The mean temperature of June, July, and August 1841, in Barbadoee, 
is thus found to be &0°.3S4 Fab. ; and the diurnal curve of temperature 
crosses it at 7 h. 1£ m. a.u., and again at 6 h. 34 m, p.m. The diurnal 
changes of temperature will be readily comprehended by inspecting the 
accompanying drawing, in which the broad horizontal line indicates the 
mean temperature, 8iy.3Gi, while tbe continuous curved line represents 
tbe curve, as derived from observation, and the dotted line, the results 
obtained by calculation. The actual curve of temperature presents a 
remarkable depression between mid-day and 3 p.m. This is not acci- 
dental, but is owing to the air, which is in immediate contact with the 
ground, then becoming much heated, which causes it to ascend, when 
its place is supplied by colder air from above. About mid-day, espe- 
cially when afresh trade wind is blowing, the thermometer is in a constant 
state of oscillation from this cause, and it is not unfrequently seen to 
alter even a whole degree in 15 or 20 seconds. 

As the observations on each side of 1 p.ic.seem to indicate that aa very 
nearly the hour of maximum temperature (supposing the depression in 
the curve above noticed had not existed) of the day, I have in the cal- 
culation assumed it to be so, and have farther supposed the temperature 
then to be such as would best represent the afternoon portion of the 
curve according to obBervatiou, that being the part of the day when the 
danger of error from radiation was least, and the breeze generally 
strongest. The hour which gives the lowest temperaturo is 6 a.m., 
though the minimum of the 24 hours, during July and August, actually 
occurred about 5h, 45 m. a.m., nearly the time of sunrise. By inspecting 
the drawing, it is obvious that those portions of the diunial curve, «t- 
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tending from 1 p.m. backwards to the hour of minimura, and from 1 r.u. 
to the point of mean tempeiature in the evening, and that est«ndiiig 
from the hour of mininmm baclwards to the Bame point, are closely re- 
presented bj the coirespondiug parabolic arcs; and it is highly probable, 
that, had these obEerrations been continued for twelve months, the 
agreement would have been still closer. 

The mean of the 18 hourly observations for the three months is 
fil'^SU, which is an excess of the actual mean temperature of the period, 
80''.3e4. by 0".852. Subtracting this quantity from the mean of the 
observations for each month, the result must be very nearly the mean 
temperature of the corresponding month. By this proceBSj 80°.443, 
SO^OSI, and SO^.eSP, are obtained as the mean temperatures of June, 
July, and August respectively. The mean of these observations at 9 
A.U., 3 T.V., and 9 p.m., for the three montliB, is in eicesa of the meau 
temperature of the period byl^.lfiB; and, if tho mean of the obserra- 
tions at these hours, for each, be reduced by this quantity, 80".404, 
80°.O54, and 80°.627, ard obttuned as the mean temperatures for the re- 
■pective months — temperatures differing so little from those obbuned 
trom 18 hourly observations, that, for ail practical purposes, they may 
be safely substituted. 

The observations, of which Table II. is an abstract, were commenced 
on the 11th May 1811, and were continued till the beginning of Feb- 
ruary 1842. Subsequently to October, 1 was unable to make the 
observations exactly at the hour ; but the deviations having been noted, 
a correction for the mean amount, derived from the hourly observations 
in June, &c., baa been applied to the results in the table. Tlie mean de- 
viation in a month nowhere exceeded ten minutes, and no single obser- 
vation was made more tlian thirty minutes from the corresponding hour. 
Notwithstanding tbe latitude thus taken, the observations at 3 t.u. and 
9 p.H., in the last two months, were frequently omitted, from unavoid- 
able circumstances; but, as in neither case did the omission exceed one- 
third of tbe whole number that ought Co have been made at 9 p.m., nor 
one fourth of those that ought to have been made at 3 p.m., the means 
given in the table, when the great regularity of the atmospheric pheno- 
mena in that climate is considered, will be found not undeserving of 
con6dence. From October onwards, the minimum is probably about 
0".2 Fab, too high. 

The dew point was calculated by ])r Apjohn's Tables, from tbe indi* 
c«tions of a wet bulb thermometer. The table of elasticity of vapour 
employed was that given in the appendix to the report of the Committee 
of the Boyal Society on Physics and Meteorology. In the reduction 
the height of the barometer was uniformly assumed to be 30 inches. 
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Tha m«aaa of tempsntore for 9 1. u., 3 r. u., tad 9 t. u., in tb« aboTa 
Ubie, for nine mooths, indicate • curve ver^r closely regembliiig tb&t 
derived from the obeerv&tioiiB in June, July, and Augiut. The differ- 
ences between the temperatures at these houra, for the whole period, 
are rather leM than betwe«n those for June, &c. ; but m the mean diur- 
nal variation, as shewn by the register thermometers, is less in the former 
than io the- latter case, in almost exaotly the same proportion, the dimi- 
nution of Che differences between the temperatures attbe respective honn, 
tbecongeqiieneeof a somewhat flatter curve, was to be expected. The 9 
A. v. obaerrationj for the whole period, approaches that of 3 f. u. more 
than, according to the hourly observations, it should do ; but when it ii 
recollected, that in the months given in the table, almost the whole of 
those in which the equation of time is additive to mean time, are in- 
cluded, and in which, cousequently, the sun's hour angle is less, and 
this beating power in the forenoon greater than indicated by mean time, 
while February and March, during which the equation of time is sub- 
tractive, aud reaches its greatest amount, are omitted, there is good 
reason to suppose, that, had the obiervations been continued for twelve 
months, the results obtained would have presented a perfectly satis- 
Gutory agreement with those afforded by the hourly observations. 
These results will, in the absence of more extensive materials, afford 
<lata for arriving at a very close approximation to the annual mean 
temperature of Barbadoee, &om any series of observations, and tbey 
will, in alt probability, be equally applicable to all the lesser West India 
Islands, and to the flat portions of the adjacent coast of South America, 
where the free course of the trade winds is not interrupted by moun- 
tains. 

The dew point in the table is calculated from the indications of a 
wet bulb thermometer; to show how fax these could be depended on, I 
Grequently determined the dew point directly, in September and Octo- 
ber, and again in December and January, by cooling a small quantity 
of water in a piece of common test tube, by powdered nitre, the tem- 
perature of the mixture being obtained, at the moment of deposition of 
dew on the sur&ce of the tube, by a delicate thermometer, with which 
the mixture was constantly stirred until tbe deposition took place. 
This method, with a little management, is capable of great precision. 

During September and October 31, observations of the dew point were 
obtained at 9 a. u., and 26th at 3 p. m. TLese, and the correspondinj 
results from the wet bulb thermometer, at the same houra, and on the 
same days, are as under — 

» A. M. 3 f. K. 

Dew pomt calculated, . . . 73°.44 73°.63 

observed, . . .73.04 73.24 



Actual calculated in exceas of the dew pomt, 0°.40 0^.39 
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In December and Januaiy, oDly fourteen direct detentiiDaliouB were ob- 
tained at 3 p. M. The»e beiog treated in tlic tamt manner, give ibe cal- 
culated dew poiot 66°.13, and tbe observed 6&''.S6, — the former being 
in excess by 0°.S7. These eiperimenta mode, reapectivelj, when the 
moisture and stillttese of the atmosphere were greatest, and wlien they 
were about least, will give a prettj accnrate idea of how far the indica- 
tions of the wet hulb thermometer maj be depended on in the West 
Indies. 

A similar depression occurs in the dew point at 3 p. h., in most of the 
months, to diat already noticed in the temperature of the air about mid- 
day, and which was obvioiiBly attributable to the same cause. The 
variations of the dew point from day to day, though sufficiently marked, 
were nerer very great; it was always higher'with a south-easterly wind 
than with tie regular trade, unless immediately after rain ; and when 
the moon's declination was north, tlie nir being then generally stiller 
than when it was to the south of the equator, the dew point was usually 
considerably above the average for the corresponding month. 

The cloudiness of the skyvaried considerably in difierent months, and 
scarcely less so at various periods of the same month ; its effect on the 
temperature, as was to be expected, and, indeed, oa is obviouB from the 
table, was very considerable. From the impotiibility of procuring an 
eligible site for a rain-gauge, which, at the same time, might be free 
from intemption, I was unable to form any idea of the quantity that 
felL The number of days os which it occurred ore given in table II. ; 
and, liioagh the year was accounted unusually dry, it is found that 
showers, frequently heavy, fell, on the average, every second day. 
Heavy and continuous rain always came from the southward of east ; 
bat up to October, when the moon's declination was northerly, very 
heavy showers from the E.N.E, or NE. were common. 

The prevwling winds are given in the table, in the order of thek pre- 
valence, during each month. The regnlar trade wind trota the E.N.E. 
predominates ; and the others, with very few exceptions, are bnt to- 
rietiesofit. The generally received explanation of tb« cause of the 
trade winds is accurate in the main ; but there are several moat im- 
portant modifications, which seem t« be chiefly owing to the difiVrences 
in the moon's dedination and time of transit, and which, if fairly exa- ' 
mined into, bid fair to throw much light on the origin of, if not actually 
to account for, the phenomena of the West Indian hurricane. 
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Quantiiff of Salt in Sea-Water, ae determined by tkeexamiHatieH 
^tjteeimene collected in a Yoiyagefrwn Southampton ttHetv 
York. By Dr Daubent, F.E.S., &c. Sjo. 
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The above results indicate a pretty nniform rate of in- 
creaee in the saltness of the sea, as we recede from either 
coast. 

TOL. XXXV. HO. LSIX.— IVIT 1843. 
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Dr Daubeny mbjoina those obtained some yeare ago by Dr 
Maroet, as reported in the Philosophioal Transaotions, viz.: — 
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ffulorical NoHcet in regard to the diatinction of Nervei and 
Nervous Filamente info Motive and Sengitive ; and in regard 
to the peculiarity of function, and abeotate isolation, oftha 
nUinucte Nervout Filaments. By Sir "WiitiAM HAKitTOK, 
Bart. 

TO PROFESSOR IJUIUOH. 

Mr DixB Sir,— As I see that public interest it again tutned towutb 
Sir Chibus But,'* great diicoTer]' regarding tlie fHinctiDiis of the nervotu 
■ystem, I *end jou r note, belong^;; to a fartheoming philosopMcld 
Work, and containing a nuntnary of wliat I have noticed touching tlie 
history of pbyiiolt^ical discovery in this relation. If you think it of 
any Ta]ne, you are welcome to make whatever use of it for jour JournU 
you may tUnk fit, 

I remain, my Dear Sir, with great regard, ever truly youM, 

W. HAMIttOK. 

EniRBDBOB, May 31. 1643. 



The important discovery of Sir CliBrles Bell, that the iplnal nervM 
as^ the organs of motion through thnr anterior roots, of sensation 
through their posterior; and the recognition by recent pbyHologtsti, 
. that each ultimate nervous filament is distinct in faDction, and lunt 
isolated from its origin to. its termination ;— these are only the but of« 
long series of previous observations to the same effect, — observatious, in 
regard to which (as may be inferred from the recent diioussions touch- 
ing the history of these results) the medical world is, in a great measure, 
uninformed. At the same time, as these are the physiological facte 
with which psychology is principally interested ; as a oontributioa to~ 
wards this doctrine and its hlstoiy, I shall throw together a few notices, 
which have) for the most part, follen In my way when engaged in re- 
searches for a different purpoaa. 

1. The cases of paralysis without narcosis (stupor), and of narcosis 
without paralysis — for the ancient propriety of these terms ought to be 
observed— that is, the cases in which either motion or sensibility, exclu- 
sively, is lost, were too remarkable not to attraot attention even from 
the earliest periods ; and at the same time, too peremptory not to ne- 
cessitate the conclusion, that the several phenomena are, either the 
functions of different oi^gans, or, if of the same, at least regulated by 
different conditions. Between these alternatives all opinions on the 
subject are divided ; and the former was the first, as it has been the 
last, to be adopted. 

No sooner bad the nervous system been reoognised as the ultimata- 
organ of tiM animal and vital functions, and the intracranial medulla or 
snoBphalos («nc^A<ifeH is a tnodero misnomer) ascertmned to Iw ita 
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ceDtre, than EuamuTCB proceeded to appropriate to difibrent parti of 
tbat orgamsm the fuDctioDB which, along with HerophUuB, he had du- 
tingiiished, of Benaibili^ and Tolimtarj motion. He pUced ibe source 
— ^)f the former in the meninget or memhr&neB, of the latter in the iub- 
itance, of the encephalos in general, that ib, of the Brain-proper and 
Aftei^brain or Ceiebellum. And while the nerres were, mediately or 
inuuediatelf , the prolongatioiu of these, he ^wed the nerroni mem- 
biajieB aa the vebicle of lenBation, tbe uerroiu anbatanoe aa the Tehicle 
of motion. (Ruftia EpheBioa, L. i c. 22 ; L. ii. ce. 2, 17.) Thia theory, 
which ia remarkable, if for nothing elae, aa nuraifeating the tendency 
from an early period to refer the phenomena of motion and aeiuation to 
Hiatiact parti of the nerroua oi^aniem, haa not obtuned the attention 
which it even intrinaicallj merita. In modem timea, indeed, the aame 
opinion haa been baEatded, even to my fortuitous knowledge, at least 
tbiice. Firrtly by Femelius (1550, Physiologia, L.v.co. 10, 14 ;) aecondly 
by Kosetti {1722, Raccolta d'Opascoli, &c., t. v. p. 273 aq. ;) thirdly by 
Le Cat (1740, Trut^ dea Seuaationa, (Euv. Fhya. t i. p. 124, and Disa. 
aiir la Sensibility des Meninges, § L) By each of theae the hypotheais is 
advanced aa original. In the two last thia is not to be marvelled at ; 
but it is surpriaing how the opinion of Eraaistratus could have escaped 
the erudition of the first. I may observe, that Erasutntua alao antici- 
pated many recent physiologiate in the doctrine, that the intelligence of 
man, and of animals in general, is alwaya in proportion to the depth 
and number of the cerebral convolutiona, that ia, in the ratio of the ex- 
tent of cerebral snr&ce, not of cerebri mass. 

The vecond alternative was adopted by Gilsn, who, while heiefdtea, 
apparently miarepreaenta, the doctrine of EraaistratiiH; for Eraaisttatua 
^d not, if >ve may credit Rufus, an older authority than Galen, derive 
the nervea from the membranes of the encephaloa, to the excluaion of 
its substance ; or if Galen be herein correct, tbia is perhapa the early 
doctrine which Erasistratns is by him aaid in hia maturer years to have 
abandoned; — a doctrine, however, which, under modifications, haa in 
modem timea fonnd aupportera in Rondeletlua and others. (Laurentii 
Hist Anat. L. iv. qn. 13.)— Recognisiug, what haa always indeed been 
done, the contrast of the two phenomena of aenaibitity and motion, 
Galen did not, however, regard tbem aa necessarily the products of dis- 
tinct parts of the nervous system, although, de &cta, different parts of 
that system were often subservient to their manifestation. Aa to the 
problem — Do the nervea perform their double function by the convey- 
ance of a corporeal fluid, or through the irradiation of an immaterial 
power t — Galen seems to vacillate ; for texts may be adduced in bvonr 
of each altemative. He ia not alway* conaistent in the aharea which 
he assigna to the heart and to the brain, in the elaboration of the animal 
■pirita ; nra u he even uniform in maintaining a discrimination of origin, 
between the animal spirits and the vital. Degrading the membranes to 
mere envelopmenta, fae limits every peculiar function of the nervous or- 
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guiism to the enveloped Bnbatanco of the biftm, the aftaiybnuOf the 
spinal chord and nerres. But as the (mimal fiiculty is one, and its 
proximate velucle, tbe animal spirita, is homogeneous, so the nerrons or 
cerebri substance which condacta these spirite is in its own nature 
uniftvni, and indifferently competent to either Amotion ; it being de~ 
pendent upon tvo aediknial nTcumtiancrt, whether this Bubstsnce con- 
dnce to motion, to sensation, or to motion and sensation togetlier. 

Tbe first circumstance is the degree of harthitti oi toftnttt ; a nervo 
b^ng adapted to motion, or to sensation, in proportion as it poaoesses 
the former quality or the Jatter. NerreB extremely soft ore exclusivelr 
competent to Bensation. Nerves eitzemelyhard are pre-eminentlj, but 
not ezoIuaiTely. adapted to motion ; for no nerve is wholly destitute of 
the feeling <^ touch. The soft nerves, short and strai^t in their course, 
arise &om the anterior portion of tbe encephalas (the Braju proper ;) 
the bard, more devious in direction, spring from the posterior portion 
of the brain where it joinB the spinal chord (Uedulk oblongata i ) the 
spinal ch(a^ being a continuation of tbe After-brain, from which no 
nerre immediately ariMs ; the hardest originate fr«m the spinal chord 
itself, more espenally towards its inferior extremity. A nerve soft in 
its origin, and therefore fitted only for sense, may, however, harden in 
its progress, and by this change become suitable for motion. 

The second circumstance is the part to which a nerve is sent ; the 
nerve being sensitive or motive as it terminates in an organ of sense, or 
in an organ of motion — a muscle ; erety part being recipient only of 
the virtue appropriate to its special function. 

This thewry of Qalen is inadequate to the phnnomena. For, though 
loBs of motion without loss of sense may thus be accounted for, on 
the Buppoution that tbe innervating force is reduced so low as not to 
la^ate the stronger influence required for movement, and yet to radiate- 
the feebler influence required for feeling, still thiB leaves the counter 
case (of which, though less frequently occurring, Qalen has himself 
recorded some iUustrions examples] not only nnexpUuned, but even ren- 
ders it inexplicable. In this tlieory Qalen is, lilwwise, not always con- 
sistent with himself. The distinction of hard and soft, as conesponding 
witi) the distinction of motory and sensitive nerves, though true in 
general, is, on his own admission, not absolutely throagh-going. (I 
must observe, however, that, among other recent anatomists, this is 
mainbuned by Albinni, Malacame, and Reil.) And to say nothing of 
other vacillations, Qalen, who in one sentence, in consistency with his 
distinction of cerehial and (mediately) cerebellar nerves, is forced to 
accord exclusively to those ut the spine the function of motion; In 
another finds himself compelled, in submission to the notorious bet, to 
extend to these nerves tbe function of sensation likewise. But if 
Galen's theory be inadequate to their solution, it never leads him to 
ovwlook, to dissemble, or to distort, the phenomena themselves; and 
with the<e no one was ever more tMoUJarly acquainted. 9o UKveUoui^ 
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iadead, b lil* numite knowledge of Um dbtribnthm and fdnetions of tiM 
Rrren} uotth, that H ia hardljr too much to SMert, tiut, with the ex- 
ception of a few niDor puticalBn, hia pathological Miatomy of tiie 
nnrous sjatem U pnctiea]!; on a lerel with the pathological anatomy 
of the pretmt day. (De Uni Partfnin, L 7, t. 9, 7, 14, viiL S, 6, 10, 
U, tx. 1, xiL 10, 11, IS, xiiL 8, xti. 1, 8, b, xrii. 9, 8.— De OmhIb 
Sjrmpt i. 5.—De Hotn Hnie. 1. 13. — De Anal Adm. viL 8. — An 
fcrra, 10, ll^De Looig Aff. I, 6, 7, 12, iii. 6, 13r-De DIm. Nerr. 1. 
— De Rac Hipp. «t Plat. IL 12, vli. S, 4, ft, 8.) 

9. The next step wo* not made until the middle of the fbartaenfh cen- 
tury, •n'lwequeiit to Oalen'B death ; when RoxDiLrnva (e. 19S0,) reaton- 
ing from the phtenomena of paiHljiu and (tnpor, enounced it aa an ob- 
MFvatioD nerer pievionily made, that " AU nerres, from thwr orig;in in 
the biun, are, even in the ipinal marrow itself, isolated from each othn'. 
The canie of paralytis ii therefore not lo much to be aought for in the 
apinal marrow as m the encephalio heada of the nervei ; Galen himaelf 
haTing, indeed, remariied, that paralyaia always auperreoes when tiie 
origin of the nerve ifl obatmeted or diseased." (Cnrandi Hethodua e. S2.) 

Tfaia obserration did not secnre the attention which it deaerred ; and 
some thirty yean later (1595,) another French phyaiologist, another 
celebrated pTofeitoi tn the tame nnlTorsity with Rondelet, I mean Lad- 
■nmna of Hontpellier, adTsnced this very doctrine of his predeceaaor, 
As "anew and hitherto nnheard-of obserratioD." This anatomist has, 
howerer, the merit of first attempting a lenaible demonstration of the 
fkct, by resolTing, under water, the spinal cord into itJ constituent fila- 
ments. " This new and admiiaUe obeervatian," he laya, " explaina one 
of the obscurest problemi of nature ; why it ia that from a lesion, say of 
the cervical medoUa, the motion of the thigh may be lost, while the mo- 
tions of the arms and thorax shall remun entise." In the seoond edition 
of his Anatomy, Dnlauren* woold seem, howerer, leas confident, not 
only of the absolute originality, but of the absolute aoeuiaey of the ob- 
eervation. Nor does he rice above the Qalenio doctrine, that sensibility 
and motiatt may be transmitted by the same fibre. In fket, rejecting 
tibe diserimiiution of batd and soft nerres, he aboUshM even the acci- 
lientaldistinetion which had been reeognited by Oalen. (Oompaie Hist. 
Anat,, later editions, It, c, 18, qq. 9, 10, 11 ; x. c 12, with the ti^tive 
^aees in th« firat.) 

3. The tlurd aiep was aocompliabed by VASoUJira, (1972), whoshewed 
Galen to be miataken in holdiug that the spinal chord ia a continuation 
of the After-brain alone. Be demonstrated against all previous anato- 
mitfa, that this chtH^is made up of tonroolnmiu, severally ariaing from 
Cpni encephalic roots ; two mots or trunks from the Brain-proper being 
prolmged into its anterior, and two from the After-brtun into its posto- 
tior oolnnuiB, (Anatonia, L. iii ; De Nervia Opticis Epietola.) 
' At the Sune tiini, the faet was signalized by other contemporary ana- 
t«mi«t« (m Coitxb, 1573, Laubuitid», 1595), that the spinal nerves ariee 
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l^ doablB Mrafa ; ons mI of filftmmta omerpng from Um aatorior, Mr 
otfaBr&om the poiterior, portion of the obwd. ItirMiBfOBenlnatieai^ 
t«o (as bf CoiiM, and C. Baobuht*, IfiOO), tbftt tlWM fllaoanti, on Ihhp 
ing from the oboid, pamed into aknot OTgaDj^toa; buti ■tolui(B to ii^, 
it WM reaewed tat the aaeond Homh (1763). to ittootd tfa« epeoial obm* 
vation, tbat thia gaBiUon ia limltad to tlie fihna of the poatwior loot 
alone. 

Sueh waa tbo atate of sBatomioal knowledg* toueliiiig tUi point, at tb 
eloae of Hm lixtetttli oentnty ; and it may now ioem mamllaaa, that, 
awan of the Independence of the mstofy and lenHtiTe fonotiani,— cwaH 
tliat of theae Amotiont the ooMlaal n^ea vers, ia general, limited to one, 
while the apinal nerrei were oompeteut to both, — aware that the tpina) 
neryea, the nervea of double hinelion, eme^ed by double Toota and tarmi' 
natad in a twofold distribution,' — and, finally, aware that eachnsFrousfil^ 
ment ran ditttnot from it» peripheral extraniitj through the ipinal chord to 
its central origin ;— aware, I aay, of all theie ooirelatire &cta, it m^ now 
seem marvel^iu that anatomiata ihould have itopped ihort, ihould not 
have attempted to lay bet and fact t«gether,ihouldnothaTeiunuiied that 
in the ipinal nervei difference of root ii correspondent with difference of 
function, should not have inalituted OKperimenta, and antioipated by two 
centuries the most remarkable phyiiologioal discoTery of tlie present day. 
But our wmider will be enhanced, in finding the most illustrious of the 
more modem schools of medicine teaching the same doctrine in greater 
detsil, and yet never propoung to itself the question — May not the double 
roots correspond with the double thnetion of the spinal nerrea 7 Butso haa 
it been with all the most momentous disooTerias. When Harrcy pro- 
claimed the oircnlation of the blood, be only proclaimed a doetrue ne- 
eesaitated by the diacoTory of Oie venous valves ; and the Newtonian 
theory of tbe heavens was but a final generaliution prepared by fotOr 
gone observation*, and even already p^^ially enounced. 

Tbe school I refer to is that of Leyden-^the school of Boerhaave and bit 
diseiples.1 — Boibhaavs held with Willis that the bnun-propMistheevgan 
of animalily ; a diatinct part thereof being destined to each of ita two 
functions, seaae and voluntary motion j — that the After-brain Is tbe organ 
of vitality, oc the involnatary motiiuis ^— and that the two ehoephalio or- 
ganiare prolonged, thefbnner into tlieanterior,thelatteT into the paaterior, 
columns of tbe spinal chord. Inhisdoctrine,allneTTesarecompedte, be- 
ing made up of fibrils of a tenuity, not only beyond onr means of obser- 
vation, but almost beyond our capacity of imagination. Bomenerveeare 
homogeneous, their constituent filamenta bebig utiier for a oertain kind 
of motion alone, or for a certain kind of sensation alone { others are be* 
terogeneouB, tbeir constituent fibrili being some for motion, soma for 
sensation ; — and of this latter claas are the nerves which Isane from the 
spine. On Boerhaave's doctrine, however, the s^nal nerves, in so &r an 
they arise from t&e anterior oolnmn, are nerves both of sensation and 
voluntary motion— of animaUty { in so &r a* they aiiia from the pe st w l or 
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ctduntn, are nerres erf involmitMr motioa — of Titalitj, - A bomogeneous 
netre does not, &■ a totalis, perform a iingle office ; for eveif etemeotaiy 
fibril of which it is composed tuh from first to hwt isolated from OTer^ 
other, and has its separate sphere of exercise. As maay dirtiDct spheres 
of sent^on and motion, so many distinct nerrous origins and tennina- 
tioDS f and aa iiiuiy different points of local temunation in the body, so 
numr different points of local origin in the bnun. The Sensorium (km- 
niuqe, the centre of sensation and motion, is not therefore an indivistble 
poipt, not even an undivided place ; it is, on the contiarjr, the aggregate of 
aa nany places (and millions of millions there maybe) as there are encepha- 
lic origins of nervous fibrils. No nerve, therefore, in propriety of speech, 
gives off a branch ; their sheaths of dura mater alone are ramified ; and 
diere b no intercourse, no sympathy between the elementary fibrils, ex- 
cept through the sensorium commune. That tke nerves are made up of 
fibrils is shewn, tfaongh inadeqoately, by various anatomical, processes ; 
uid that these fibrils toe destined for distinct and often difierent pmposes, 
IS manifested by the phnnomena of disjoined paralysis andrftupor. (De 
Morbis Nervorum Prslectiones, by Van Earns, pp. 261, 49CMlfl7j 696, 
713-717. Compare Kaav Boerbaave, Impetum Faciens, § 197-200.) 

The developed doctrine of Boeriuave on this point is to be sought fbr, 
neither in bis Apborisms, nor in bis Institutions amd his Prelections om 
the InstitutioDs^the more prominent works to which bis illustrious dis- 
cip1es,HiLLiR and Van Swirbn, appended respectively a commentary. — 
Of these, the latur adopts, but does not advance, the doctrine of his 
marter. (Ad Aph. 701, 711, 774. 1057, 1060.)— The /*mer, who, in his 
subsequent writings, silently abandoned the opinion, that sensation and 
motion are conveyed by diS^Matt nwvous fibrils, in two unnoticed pas- 
sages of his annotations on Boerhaave (1740), propounds it at a not im- 
probable conjecture — that a total nerve may contain within its sheath a 
complement of motory and of sensitive tubules, distinct in their origin, 
transit, and distributiou, but which -at their peripheral extremity com- 
mnnicate ; the latter, like veins, carrying the spirits back to the bnuv, 
which the fbnner had, like arteries, carried out. (Ad Boeiii. Instit. § 
288, n. 2, % 293, n. 2.) 

The doctrine of tbe ecboolof Leyden, on this point, was, however, still 
more articulately evolved by tbe yonnger (Bernard Siegfried) Ai.bihvs ; 
not in any of his pnbliahed works, but in the prelections he delivered for 
many years, in that university, on Physiology. From a copy in my pos- 
session of his diclata in this course, very fully taken, after tbe middle of 
the century, by Dr William Grant (of liotbiemurchus), subsequently a 
distinguished medical author and practical physician in London, compar- 
ed with another very accurate copy of theae dictata, taken by an anony- 
mous writer, in the year 1741 ; I am enabled to present tbe following 
general abstract of the doctrine taught by this celebrated anatomist, 
though obliged to retrench both tiie special oases, and tbe reasoning in 
dM(ail by frbich it is iitasteirted and coofiimed. 
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Tbenerrra hiitve a triple dettintttidii m tbejrnuoMter (1.) to TOlmiUiy 
motioQi (2.) to wnutioii, (9.) tothe vital ener^eB— secration, dige>tioii, 
&c. Albinna leemi to aoqaieBoe in tiie doctrine, toat the Brain-iffopet is 
the ultimate organ of the flrat and Mcond ftinction, the After-hrain, of 
the third. 

iNerret, aguD, are of two kindi. The^ are either luch in which each 
ultunate fibril remains Isolated in fnnotion &om eeutre to periphery (the 
cerebro-spinsl nerves) ; or such in which these are mutaallj' confluent 
(the Eympathetdc or ganglionie nerves.) 

To c^>eak only of the cerebro-apinal nervesj and of these only in rela- 
tion to the fn&ctionH of motion and Behsation ; — they are to he distin- 
goiahed into three classes according as destmed, (1.) to sense, (2.) to mo~ 
tion, (3.) tobotlimotionandBeiiBatton. Bxamples — of the first clasa are 
the ol&ctory, the optic, the auditory, of which last he considers the portio 
mollis and the portio duris to he, in propriety, distinct nerves; — of the 
second class, ore the large portion of those passing to muscles, as the. 
fourth and sixth pairs ; of the third class, are the three lingual nerves, 
especially the ninth pair, fibrils of which he had frequently traced, part- 
ly to the Aiuscles, partly to the gustatory papillie of the tongne, and 
the subcutaneous nerves, which are seen to give off branches, first to tlie 
muscles, sad thereaft«r to the taotjle papillfe of tiie sUn. The nervous 
fibres which minister to motion are distinct in origin, in transit, in tor- 
mination, from those which minister to sensation. This is manifest in 
the ease of those nerves which run from their ori^ in separate sheaths, 
either to an organ of sense (as the ol&ctoiy and optic), or to an organ 
of motioii (aa the fourth and sixth pairs, which go to the muscles of the 
eye) ; hut it is equally, though not so obtrusively, true, in the case 
where a nerve ^ves off branches partly to muscles, partly to the cuta- 
neoQi papilhe. In this latter case, the nervous fibrils or fistuls arc, from 
their origin in the medulla oblongata to their final termination in the 
skin, periectly distinct. The medulla oblongata is a continuation of the 
enoephalos, made up of two colamns from the Brain-proper, and of two 
columns from the After-bnun. Immediately or mediately, it is the origin, 
as it is the organ, of all the nerves. And in both respects it is double : 
for, one part, the organ of sense, affords an ori^n to the sensitive fibrils, 
whilst another, the organ of motion, does the same by the mototy. In 
their progress, indeed, after passing out, the several flhriU, whether 
homogeneous or not, are so conjoined by the investing membranes as to 
exhibit the appeaianoe of a single nerve ; but when they approach their 
destination they separate, those for motion ramifying through the mus- 
cles, tliosefor sensation going to the cutaneous papiUm or other organs 
of sense, Eiamples of this are afibrded — in the ninth pwr, the fibres of 
which (against more modern nnatomista) he holds to arise by a double 
origin in the medulla, and which, after running ta the same sheath, 
separate according, to their different functions and destinations; — and 
in the seventh pur, the hard and soft pdrtious of whii:h an les^euthel; 
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for motion and for lenBntian, though iboM portioni, h« elwwher* nuun- 
buDi, ought Tadier to be conildered m two distluct nerres than m the 
twofold constituents of one. 

The proof of this ii of varloui Undi.— In the firtt place, it U a theory 
forced upon na by the phenomeaa ; for only on this aupposition can wo 
account for tiie following &ets : — (1.) That we have distinot aen&ations 
transmitted to the brain from diSbrent parta of the same BeniitiTe organ 
(b« tba tongue) through which the same total nerve is difiused. (2.) 
That we caxt send out from the brain a motire influence to one, nay, 
Bometintes to a part of one, muMle out ot a plnrality, among which the 
same total nerve {e. g. the Isohiatio) is disttibutod. (9.) That sometimes 
a part \i either, on the one hand, paratyied, withont any loss of sensi- 
bility, or, on the other, stupifled, without a dindnution of its mobility. 

in the tecond place, we can demonstrate the doctrine, proceeding both 
from centre to periphery, and from periphery to oenbe. Though ulti- 
mataly dividing into filaments beyond our means of observation, we can 
ftill go &r in following out a nerre both io its general ramifications, and 
in Ae special dlstribntion of its filaments, for motion to the rauioles and 
for sensation to the skin, &c. ; and how for soever ve &re able to carry 
our investigation, we always find the least fibrils into which we succeed in 
analyiing a nerve, equally distinct and continuous as the chord of which 
they were ooaslituent. And again, in following back '^e filaments of 
motion from the muscles, the filamenta of sensation from the skin, wa 
find them over collected into larger and larger bundles within the same 
sheath, but never losing their individuality, never fused together to form 
the mbatance of a larger chord. The nerves are thus not analogoiu to 
arteries, which rise &om a common trunk, convey a common fluid, di' 
vide into branches all similar in action to each other and to the primary 
trunk. For every laigernerve is only a complement of iraallei nerves, 
and every smallest nerve only a fosciculn* of nervous fibrils ; and these 
not only onmeriooUy difierent, but often dilbring from each o&er in the 
charaeter of their functions. 

In the Uard place, tirnt in the nerves for both motion and sensataon are 
enveloped distinct nerves or fibrils for these several functions — thu ie 
an inference supported by the analogy of those nerves which are motive 
or sensitive eToluslvely. And in regard to these Utter, it beoomes im- 
possible, in some cases, to conceive why a plurality of nerves should 
have been found neoessary, as in the case of the two portions of the 
seventh pair, in reality distinct nerves, if we admit the anpposition that 
each nerve, each nervous fibril, is competent to the double office. 

In the f<mrih place, the two species of nerve are distinguished by a 
difibrence of stmctiire. For he muntaina the old Galenic doctrine, that 
the nerves of motion are, as compared with those of sensation, of a harder 
and more fibrous t«sture, a diversity which he does not confine to the 
homogeneous nerves, but extends to the counter filaments of the hetero- 
geneoOB. This opinion, in modem times, by tiia majority n 
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ntte DukB rafiited, bw been alio cabMqnently nuuotuned b^ a mull 
DumbeF of the moit aocunto anatomUta. H M^acune and Reil ; and to 
this result the Tcaent obserra^nB of Bhronbeig and odier* iBBiii to tend. 
(See Memoin of the Berlin Academy for 1836, p. 606, cq. ; Mueller's 
Vbjs. p. 598.) 

-Ffiki^, to tlie objection— Why baa Nature not, in all caaea aa in lome, 
•nolowd the motJTO and tiie sentieiit fibrili in diBtdnct aheatiii ? — aa an- 
■wer, and fifth argument, he Bbevi> with great ingenuitj, that nature 
doei predwlf wbat^ in the circnnutanoee, alwajs affordi the greatest 
•ecurity to both, more especially to tiie softer, fitnils ; and he might bars 
added, as a tittK reason aud second answer— with tbe snuUest expendi- 
ture of measB, 

The subfjlty of the nervous fibres is muob greater than is commonly 
suspected ; and there is probably no point of the body to which they are 
net distributed. What is the nature of their peripheral terminations it 
in, however, difficult to demonstrate ; and the doctrines of Raysch and 
Ualpighi in this respect are, as lie shews, unsatisfactory. 

The doctrine of Albinua, indeed, of the whole school of Boerhaave, in 
r^ard to {he nervoiu system, and, in particular, touching the distinc- 
tion and the isolation of the ultimate uerrous Glamenta, seems, during a 
century of interval, not only to have been neglected, butabsolutely for- 
gotten ; and a oonnter opinion of the most erroneous character, with 
herft and there a ^ble echo of the true, to have beoome generally pre- 
\-alent in its stead. For, strange to say, this very doctrine, is that re- 
cently promulgated kb the last consummation of nervous physiology by 
the moat illustrioua physiologist in Europe. " That the primitive fibres 
of all the oerebro- spinal nerves are to be regarded as isolated and dis- 
tinct from their origin to their termination, and as radii issuing from the 
axis of the nervous system," is the grand result, as stated by himself, of 
the elaborate researches of Johihm MnuLsa ; and to the earliest dis- 
covery of this general fact he carefully vindicates his right against other 
oontemporary observers, by stating that it had been privately communi- 
cated by him to Van der Kolk, of Utrecht, so long ago as the year 1830 
(Phys., p. 596-603.) 

In ConclusiOD, X may observe that it is greatly to be regretted that 
these prelections of Albinui ware never printed. They present not 
only a ^11 and elegant digest of all that was known in physiology at the 
date of their delivery (ojid Albinus was celebrated for the uncommon 
oore which he bestowed on the composition of hia lectures) ; bnt tbey 
likewise contain, perdue, many original views, all deserving of attention, 
and some which have been subsequently reproduced to the no small ce- 
lebrity of their second authors. The speculation, for example, of John 
Hunter and Dr Thomas Young, in regard to the self- contractile pro- 
perty of the ciystalline lens is here anticipated ; and that petlncidity and 
fibrooa itruotora iwe compatible, shewn by the analogy <^ those gelati- 
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notiB moUiuca, the meduse or BCa-blubben, which are not more remarlc- 
ftble for their tnuBparencf than for fhelr contractile and dilative powen. 

4. As I hftTB already noticed, the celebiitj of the Leyden School, fiir 
from commnoding acceptance, did not even secure adequate attention to 
the doctrine of ita illiutriouB mastert ; and the Galenic theory, to which 
Haller latterly adhered, was, under the authority of Cullen and the 
Monroi, that which continued to pTevail iu this country, until after the 
commencement of the present century. Here another step in advance 
was then made by Mr ALEXjiNnBa Walkbh, an ingenious pbysiologiat of 
Edinburgh ; who, in 1809, first started the prolific notion, that in the spinal 
nerves the filaments of lensation issue by the one root, the filaments of 
motion by the other. His attribution of the several functions to the se- 
Tend roots — sensation to the anterior, motion to the posterior — with 
strong presnmptian in its favour from general analogy, and its confor- 
mity with the tenor of all previous, and much subsequent, observation, 
b, however, opposed to the stream of later and more precise experiment. 
Anatomists have been long agreed that fbe anterior column of the spinal 
marrow is in continuity with the bnun-proper, the posterior, with the 
after-brain. To say nothing of the Galenic doctrine, Willis and the 
Bchool of Boerhaave had referred the automatic, Hobolten and Fonteau 
the automatic and voluntary, motions to the cerebellum. Latterly, the 
experiments of Rolando, Flourens, and other physiologists, would shew 
that to the after-brain belongs the power of regulated or voluntary mo- 
tion ; while the parallelism which I have myself detected, between the 
relative development of that part of the encephalos In young animals and 
'Satai command over the action of their limbs, goes, likewise, to prove 
that such motion is one, at least of the cerebellic functions. (See Monro's 
Anatomy of the Brain, 1831, p. 4-^.) In contending, therefbre, that 
the nervous filaments of sensation ascend in the anterior rachitic column 
to the brain^proper, and the nervous filaments of motion in the posterior, 
to the after-brain, Mr Walker originally proposed, and still maintwns, 
the alternative which, independently of precise experiment, had the 
greatest weight of general probability in its favour. (Archives of Bcienoa 
for 1809 ; The Nervous System, 1834, p. 50, sq.) 

6. lu 1811, Sir CnAaLES Bill, holding always the connection of the 
brun-proper with the anterior, of the after-brain with the posterior, co- 
lumn of the spinal chord, proceeding, however, not on genera] proba- 
bilities, but on experiments expressly instituted on the roots themselves 
of the spinal nerves, first advanced the counter doctrine, that to the fila- 
ments ascending by the posterior roots belongs exclusively the function 
of sensation ; and thereafter, but still, as is now clearly proved, previ- 
onsly to any other physiologist, be furtiier established, by a most inge- 
nions combination of special analogy and experiment, the correlative 
fact, that the filaments descending by the anterior roots are the sole 
vahioles of voluntary motion. These results, confirmed as they have 
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been by tbe principal p&ynologUti tliTOugtioat Europe, •eem now pl&ced 
above the risk of refiitation. It atiU, hoveyer, rem&ini to reconcile the 
■eemiDg itractursl connexioa, and the manifeit fiinctioiuJ, opposition of 
the after-brain and poatenm- tacbitic column ; for the decuHstion in the 
raedolla oblongata, obaerved, among otben, b^ Rolando and Solly, 
whereby the cerebellum and anterior column are connected, is appa- 
rently too partial to reconcile the discordant phenomena. (Bell'i Net- 
TouB System ; Shaw's NarratiTe ; Mailer's Physiology, ftc) 



Notice of the Diteovery of a nearly complete Skeleton of the 
Zyyodon of Omen (Satilottturue of Harlan) in Alabama. 
By S. B. BocKtET, A.M. 

Some years ago a few imperfect Tertelnv of tlus animal were cent to 
Philadelphia, which were found near the Wachita River in Louisiana. 
These Were described by Dr Harian in 1834, and referred to a lost genua 
of the Saurian order. From the great size of the bones, he called it the 
BasilosauruB. Subsequently Harlan obtiuned other bones of hufiasilo- 
saurus, which were fbnnd on the plantation of Judge Creagh, of Clark 
County, Alabama, and forwarded to Philadelphia by that gentleman. 
These were one or two fragments of the jaws with teeth, of which the 
upper portion was 1:m>ken off and lost, also pieces of ribs, with some 
other long bones belonging to its paddles, and aereral Tertebr» with the 
processes broken off. These Harlan also described in the " Transactions 
of the American Philosophical Society." Part of these bones were taken 
-by Harlan to London, where they were pronounced by Owen, from a 
microscopical examination of the teeth, tobeleng to a genua of mammalia 
between the Saurians and Cetacea. He named it the Zygodon, in allu- 
sion to tlie curious form of the molar teeth. 

Our skeleton was discovered on the plantation of Judge Creagh, the 
same gentleman who forwarded the bones already noticed to Harlan, and 
from the same neighbourhood in which those were obtained. The en- 
tire vertebral column is nearly perfect, except two or three of the cervi- 
cal, which are much broken, and it is possible that others from the same 
part of the skeleton are lost, since the vertebrte near the head were dis- 
jointed and scattered over a sur&ce of aeveral feet, but the remaining 
portion of the vertebral column was in an almost unbroken series to the 
extreme tail. The entire length of the tktUlon, incbtdiaff the head, it neartg 
leventy feet I Some of the ribs most have been upwards of six feet 
in length, bnt of these we only have fragments, including their ex- 
tremities and centra] parts. We have also other long bones belonging 
to its paddles, as the animal was probably an inhabitant of the water. 
These are small in proportion to the size oT the other bones. The prin- 
cipal organ of locomotion of the fiiiimal geems to have been its tail, which 
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■B iliOTt and thick. Muif of the doiMl TertebiM ua nxtoaa or eigfatoan 
inchfiB long, and upwards of ttreWe inche* in diameter. The traOBTerw 
prooeuea ate from three to six inches long. The spinal and also the la- 
teral pioceues are of about tlie ume lengtb. Theso last three are niiited 
at the base, where thej form an arch through which the spinal marroir. 
ran. This arch, with the lateral and spinal proceiiei, ii easily detached 
from the taaia bodj of the Tertebrte. The head is much broken, yet we 
have portions of both jawi with the teeth inserted in nearly a perfect 
state. The molar teeth are inserted into separate caTities of the jaw hy 
two long roots. The upper portion of these teeth is somewhat hastate, 
with large and rather blunt serratures on the lower part of the anterior 
and posterior margins, as in those of the Igoanodon. The average longer 
diuneter of a section of the molar teeth is about four and a half inches. 
The anterior teeth have a single root, are sharp-pointed, conical, slightly 
curved, and laterally compressed ; the transverse section parallel to the 
base forming an ellipse. The length of the anterior teeth, including the 
root, is five or six inches, and the longest diameter nearly two inches. 
The form of the molar teeth is so peculiar that it it impossible to give a 
correct idea of them without the aid of plates. 

The Zygodon or Basilosaurus was imbedded in a marly limestone s<^. 
The upper portion, to the depth of one or two feet, is a rich black vege- 
table mould. Beneath this b a yellowish white marl, yielding eaaily to 
the mattock, and containing few organic remains. Most of the bones 
were in this mai'l from one to six feet beneath the surface. At the depth 
of about six feet is a green sand or marl resembling the green sand of 
New Jersey, and containing few organic remains. The vertebral column, 
as has been before remarked, lay in an almost unbroken series from the 
head to the extreme tail, and appeared to occupy the plaee upon which 
the animal died. The bones are more or leas fossilized, having lost nearly 
all the animal matt«r, and been penetrated by carbonate of lime. Yet 
a lai^ portion of their suriace retains the smooth and ordinary appear- 
ance of bone. The enamel ofthe teeth is abo retained. Numerous sharkB* 
teeth and Bhells are scattered over the sur&ce, or imbedded in the soiL 
The moat common of the fossils are several species of the gener& Ostrea, 
ExogjTB, Pecten, Echinus, Conus, and Scutella. The rocks of the im- 
mediate vicinity are limestone, which is sometimes as white and nearly 
OS soft as chalk, bat destitute of flints or organic remains. Thia variety 
is often sawed into blocks and used for building chimneys. The rock 
partly surrounding the field in which our bones were discovered, is a 
white limestone filled with nummailites. The grey limestone, with more 
or less organic rem^s, is the prevailing rock of the immediate neigh- 
bourhood. These limestones often present an almost, perpendicular 
escarpment of rock] sometimes in the form of little islands, against which 
the waves of the olden time appear to have dashed. The spot seems 
oDce to have been an estuary or arm of the sea, interspersed with small 
ulands, and here the Zygodon appears to have lived. Bordering the 
limestone within a mile of this place, is a red sandstone apparently dea- 
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titute at 9Tguda tuduim. This forms tha mott elevated part of the 
emmtry, find extends OTer a Urge portion of Clark County, afibrdiog a 
poor soil, of which the prevailing timber Is the long-leafed pine (Pt'nut 
judwtrU) associated with dwarf oaks. This sandstone oftea affords 
hollow cylinders several inches in diameter, and from one to three feet 
long, the cavities of which frequentlf contain a red ochre (oxide of iron), 
sometimes used bj children as a pigment- 
Bones of the Zygodon have been seen in WashingtoD County, Miasis- 
fiippij and from thence thej have been found in several plaoes as &r east 
as Claribome, on the Alabama River. Judge Crei^h relates, that when 
he first moved to Clark County, about twenty years ago, these bones, 
consisting mostly of large vertebite, were so numerous as seriously to in- 
terfere with the tillage of some of his fields ; and hmce they bonied large 
quantities of them in the fires of their log heaps. At this time scattered 
vertebra, generally much broken and wanting processes, are lying on 
the suT&ce of the ground in almost every field of Judge Creagh's and 
the neighbouring plantations. Among these no head or part of one ia 
known to have ever been seen, except those parts which Dr Harlan de- 
scribed, and these in our possession. The reason of this isj that the jaws 
were hollow Mid composed of a thin plate or plates of bone filled with 
animal matter ; and when this matter contuned in the cavities was de- 
stroyed, the exterior plates were easily broken. It may be well to men- 
tion that Clark County is situated between the Alabama and Tombigbee 
Rivers, about one hundred miles north of Mobile. 

For a knowledge of this huge being of a foimer and remote age, the 
public are greatly indebted to Judge Creagh, who kindly assisted and 
famished bands to assist in diggbg out the boneSj and provided mate- 
rials to make the boxes for containing them. He also had them con- 
veyed to the Tombigbee River (twelve miles), after which he refused to 
take any compensation from One who went to bis house a stranger, with- 
out even a letter of introduction. The skeleton was sent via Mobile to 
New York, where it Is at present in fourteen large boxes, some few of 
which have been opened to gratify the curiosity of several scientific 
gentlemen, who are ready to testify tiiat we have a unique and veritable 
skeleton of the Zygodon.* 



Oh ArtesianWeUt. By Admiral Sir David Milme, G-.C.B. 
Commimicated by the Author. 

The theory of Artesian Wells, maJQt&ined by Buokland, 
Arago, and other first-rate authorities, rests on a oirciunstanoe, 
which seems to me liable to some doubt, and which I now mean 
briefly to consider, namely, the necessity of the water which 
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ascends throng the bore, having previoosly de«oended at 
filtered through the earth, from some higher ground in the 
neighbourhood. 

. But it 10 a well known fact, that in the vicinity of many 
artesian wella there are no hills at all, nor any particular ele- 
vation of the earth's surfaee; and the supporters of the now 
existing theory are driven to the necessity of seeking for these 
heights at any snppoBable distanoe. M. Arogo, indeed, him- 
Belf says, "that they must be sought for even beyond the sphere 
of vision, at the distanoe t^ forty, eighty, or a hundred and 
eighty miles, or even more, if necessary." 

Many years ago it struck me, that a much more probable 
and less complicated theory of artesian wells might be main- 
tained, and which does not imply the necesdty for there boing 
any higher ground in the neighbourhood, none indeed, at all 
higher than the month of the tube inserted in the bore for the 
supply of the springs. 

To elucidate my theory, let us suppose, immediately under 
the surface where the bore is mode, a superincumbent mass of 
clay — such as the London clay — lying over chalk, or other for- 
mation, contMuing water. A diagram will more clearly shew 
this. 




A denotes the bed of clay, a pipe Is made to penetrate it 
from C to D, where it reaches B, a bed of chalk oonttustng 
water. On known hydraulic principles it is demonstrative, that 
the instant the pipe C D reaches the stratum B contain- 
ing water, the water will be immediately forced up the pipe 
from the pressure of the superincumbent mass of day, and 
will rise to the surface of the earth at the p<Miit C. 
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As anotlier illuetration, lefc ua suppose thai the bed of ctay 
rested nearly horizontally on the lower strata containing vater, 
and it will be seen that the same result would follow. The 
moment that vent waa given by the bore to the water, it would 
bo forced by tho superincumbent weight to rise in the tube. 
The superincumbent strata will, as the water flows ap, sank 
down, and continue to force up the water, eo long as any re- 
mains at the bottom of the bore. Indeed, the same reasoning 
applies to the continuance of the supply of water, even if we 
admit it as coming from a higher level To support the latter 
theory, however, we have seen that it is necessary to admit the 
dubious fact, of the required water coming from heights some- 
times at almost inconceivabledistances; whereas, bythe former, 
this difficulty is entirely got over. 

' Th.Q more dbtinctly to illustrate this, let us suppose a cask 
or wooden box C tilled with water, until it reaches the cover 
A B, which is tightly fitted aa a top. Then insert a hollow 
tube D through the cover A B. When the pressure of the 



cover is increased by the addition of the weights e e, the water 
will rise to the top of tho tube D, and it will continue to over- 
flow as long as the pressure is made, or the supply continues. 
The same principles apply exactly to tho rise of water, by su- 
perincumbent pressure, from the bed of clay. If it be argued 
against this theory, that the supply of water would in time 
cease, it may be answered, that tho samo argument obtains, 
and with equal force, against the other ; for whether the water 
comes from a higher level, or only from a free level, it should bo 
remembered, that it has been admitted by the best authorities 
that artesian wells are sensibly affected by long-continued 
droughts. 
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In oonfiimatioD of these viewa, and as a fiun iHw practical 
illtutration. I may be permitted to mentioiit that when tlie 
present bamn was beiog constructed in Fcatsmouth dockyard in 
1796 or 1797, the piles first diivea were 15 feet in length. From 
their length, these passed entirdy throagh the bed of clay, 
into sand eontuning water. The conseqnence was, that the 
water squirted np in all directions &om the subjaoeot reservoir, 
and as it was uncertain to what extent the piles would sink 
before ihey reached any solid stratum, it was resolved to 
diorten the piles, so that they might not pass through the clay 
at all ; and ^le old holes were with some difficulty plugged up. 
Some years afterwards, the dockheads of oue of the principal 
docks gave way, and sunk considerably ; nor oonld any of the 
officers of the yard account for the ocoorrenoe. It happened 
at tlus very time, that, with the late Commissioner Sir Greorge 
Grey, I was examining the docks ; and recoUeoting the oir- 
ottmstance which rendered it necessary to cause the piles to 
be shortened, namely, their having penetrated into the sand 
containing water, it oooarred to me to ask Sir George if any 
wells were atthetimebdngiunkin the neighbourhood? His re- 
ply immediately was, that ** certunly workmen were then sinking 
for water near the offioen' houses." Upon which I remarked, 
that if the sinking of th« well was not stopped, other parts of 
the masonry of the docks would most assuredly give way ; and 
that no wells should be allowed to be sunk near the dockyard, 
as, by giving vent to the water in the sand under the clay, 
the foundations of the buildings must necessarily be affected. 
This hint was, I believe, attended to, and the sinking of the 
well was stopped. In situations such as these, the insertion of 
a pipe thiou^ the clay would afford the supply of water with 
much more safety, the drsin being less, and much more graduaL 

Indeed, I can perceive no difficulty adhering to the theory 
of artesian wella now propounded, which does not, with equ^ 
force, adhere to the other ; and it is free from many objections 
to which it is liable. When we read in Dr Buckland (p. 560) 
when treating of this subject, that, " by similar wells, it is 
probable that water may be raised to the surface of many 
parts of the sandy deserts of Africa and Asia," we may be well 
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tempted to exoUim, ** And where is tlie level there from lAioh 
itcanoome!'* ,, 

If the theory I bare Ba|^eeted be well founded, it miut be 
obvioos, that in a great town, or the neighbourhood of it, built 
on a masB of olay, through which wells are sank, thwe will be 
a constant, thongh probably very hIow and gradual, subsiding 
of the surface. Suoh aituationa would, therefore, be ill adapt- 
ed for permanent observatories for astronomical purposes ; ai 
a subsidence of the ground, inappreciable on the earth iUidt, 
may produce sensible errors in observations of the heavenly 
bodies. May not some of the anomalous results obtained at 
observatories be ascribed to this oause ! 



SamariM on Oe Geoleffj/^tie Itkmd of LttOa Asw, Ekkc^d- 
brightthire. By Thomas Stztkhsoh, Esq., Civil £ngtn«sr. 
Communicated by the Author.* 

Having been for some time resident on the island of Little 
Boss, whilst superintending the erection of a sea-lig^t and 
other works on that coast, I had an opportunity of examining 
the geology of the island ; and as my observations have led to 
resnits which, to myself at least, were onexpooted, I have ven- 
tured to draw up a short aceount of them. 

little Roes is situated at the mouth of Kirkcudbright Bay, 
and is about 1500 feet long by 800 feet broad. Its distance 
from the nearest point of the munland is not more than 340 
yards ; and although there is a depth of about 20 feet at high 
water, there is nevertheless a narrow ridge by which, in many 
low spring tides, it is possible for foot passengers to cross over, 
not, however, dryshod. 

The district in which this island is situated has been gene- 
rally supposed to exemplify the Cambrian group of the Transi- 
tion class; and accordingly the Little- Ross island, at first 
sight, presents the usual appearances of the greywacke of that 
geological epoch. It exhibits also a singular scene of disrup- 
tion, torsion, and upheavings uf the strata, which attain a height 

* Baid before th« Wemerian NttonJ EiateiT Bode^, Sth April ISA.-). 
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of'lOO feet sbote flie level of tho eea. At the north-western 
extremity, or that most sheltered from the sea, there is a beach 
called the White Bay, consdating of ebingle ; while at all other 
points the rooks expose surfaoea varying from low angles up to 
the perpendicular. There is but a thin covering of sod over 
the surface, below which may be found angular fragments of 
the mooldering rock, embedded in loam or earth resulting 
therefrom ; and lying on this are erratic boulders of granite, 
eompaot felspar, and porphyry, as well as a few water-worn 
pebbles of greywacke. 

The rocks themselves* consist of beds of greywacke, alter- 
nating with conformable greywacke slates, or, as they are there 
termed, State-band. The greywacke beds vary in fineness, from 
the coarsest conglomerate or breccia, np to a nearly homoge- 
neous blue and sometimes greyish rock. And first, I may. 
notice the composition of the conglomerates, which consist of 
watOT-wom boulders of greywacke, embedded in a softish 
matrix of the same rock, or at least in an arjptlaceoas rock of 
very similar description. This may perhaps favour the con- 
duMon that these deposits belong to the more recent of the 
transition class. With regard to the breccia, it is proper to ' 
state that it should more strictly bo termed a brecda-eonglome- 
rate, as it consists of embedded fragments, partly angular, partly 
rounded. These conglomerates are often permeated by veins 
of yellowish, and sometimes red carbonate of lime, tinged pro- 
bably by manganese. 

Next in fineness comes a very coarse greywacke, consistmg 
of small pebbles of quartz, fragments of jasper, Lydian stone, 
pieces of clay-slate, &c. This rock is pervaded with dries, 
which separate it into triangular prisms. The other grey- 
wackes have all a riiomboidal fracture (of from 70° to 80° 
obliqmty), and are of various d^rees of fineness, and invari- 
ably shew specks of mica. They are all more or less cut op 
by dries or cutters, and are also pervaded in every direction 
by what appear to have been cracks or splits, which are oocu- 
pied by carbonate of lime tinted red. These cracks, some of 



* For a description of the Tocks founil in the Stemrtry of Eirkcudbiight, 
Me tlie wntioga of FroffSEor JamesDn and of the Inte Mr R. J. H. dmnioghuo. 
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which interseofc each other, give the rook, when oat for budd- 
ing pnrpoeea, a beantifnl rariegated or veiaed appearaii««. 
Besides these, there are brittle shales, which the action of tho 
weather has in many places reduced to a mass of disconnected 
prismoidal fragments, that moulder away into a ferruginous 
eiurtb. The regular beds of greywacke are of two kindfi — the 
one blue, the other whitish, and liable to weather red, so as to 
resemble, esiemally, beds of red sandstiHie. These two kindd 
seem to alternate with tlaie-b<md possessing corresponding cha- 
racteristics. The blue alternates with dork-blue slates, hav> 
ing glossy sides, and of a fine and sometimes silky texturo ; 
while the whiter variety alternates with greyish-white slates, 
which weather still whiter. 

Several of the slates have the peculiarity of unconformable 
cleavage-planes. The angles which the planes of cleavage 
make with the line of stratification, are generally about 30 de- 
grees. 

In some of the rocks above described, 1 have found embedded 
small pieces ot anthracite. Quartz-veins do not occur, but car- 
bonate of lime is veiy common ; and sulphate of baryten is not 
unfrequent. In one or two instances, I have found in crevices, 
small quantities of bitumen or mineral pitch, galena, and, in 
one instance, steatite, which shall be afterwards described. In 
some parts also there are traces of copper-ore. 

These constitute all the stratified rooks which this small 
island afibrds. Of trap rocks, we have several varieties. At 
the beach called White Bay, and at the top of the island, 
there are dykes of reddish coloured greenstone, in some places 
passing into a granitic rock; while, at others, they resemble a 
compact felspar rock. Besides the greenstones, I have seen 
two dykes of compact felqiar base, with here and there crys- 
tals of hornblende or angite interspersed. In a small felspa- 
thio dyke, on the south side of the island, there are brilliant 
specks of iron-pyrites. 

In contact with these igneous intruders, the strata have un- 
dergone the usual changes. The greywacke has become 
crystalline, so as to resemble greenstone, and the ^ates have 
become, in some cases, a sort of Lydiou stone. In otiiers, they 
are converted into flinty slates, of a yellow or cream colour, 
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and in both the edges of fragments are tnmslaoent, and the 
flanle property is destroyed. Near the trap-dykea the altered 
reckt, in some instances, contain specks of iron-pyrites. 

Snch, then, are the rocks of which the idand is composed ; 
and the characteristics which render titem interesting, are the 
following. 

On the eastern side, close to the sea, at a place where stones 
were qnarried for the iighthonse works, there is a range of 
rooks tilted np at a high angle, and of which the quarrying 
operations have afforded a section. Among these is a bed, 
the upper side of which appears to have been exposed to dila- 
Tial action at some time posterior to its consolidation, as the 
surface is oneTea and rounded. Coofonnable with this, and 
snperior to it, is a series of very thin (^ inch) layers of slate- 
band. These layers of slate have obTiously been deposited 
after the lower bed had been wasted, as they not only rest 
conformably with it, bnt have followed all the salient and re- 
entrant angles which its water-worn surface presents. This 
renders it probable that some considerable period had elapsed 
between tiie deporat of this member of the series and the in- 
oumbent shales. 

In Uie finer sorts of greywaoke, I found very good q>ecimen8 
of the graptoHte or tea-pen. The off-shoots or feet are visible 
on one side only, so as to give the fossil very much the ap- 
pearanee of a saw. I have also found one specimen of the 
double grapt<dite, stich as was observed in NtHway by Dr 
Beck of Copenhsgen. 

On the western side of the island I fbund a quantity of 
steatite investing the irregular masses of the whiter sort of 
greywaoke ; nor does it traverse the rode as a vein, bat seems 
confined to one spot. Some parts of it are tranirtneent,of a 
greyish-yellow colour, with a shining oily lustre, and streaked 
appearanoe eztonally -, while other parts axB ci a very dwk 
green, inr blackish colour, and massive. 

In the coarser greywaoke, formeriy described as a closely 
i^gregated rock, containing a variety of fragments and peebles, 
my friend Mr J, T. Syme, civil-engineer, who spent some time 
with me on the island, found part of a shell ; and I have since 
' ihw procured many specimMis that appear to be of di0brent 
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species ; but I have only fonnd one entire »h«U, idtioh was un- 
fortunately lost soon after I hod got it So far as I oonld 
judge from the imperfect eEaminatiim Uiat I bad an opportu- 
nity of making, it appeared to belong to the genua Terebratula. 
In the same sort of rock, which is oertunly the lost, both 
from its structure and the ooarseneu of its texture, that any 
one would think of examining for organic remains, I have ob- 
served smtdl circles of carbonate of lime, having a blaok spot 
in the centre, with apparent radiation, which on the whole 
closely resemble fragments of the stalks of Encrinites. But as 
I have seldom met with this appearance, I am not prepared to 
state that Encrinites are to be inclnded in the list of the orga» 
nic remains of the ialaad. It is important to remark that the 
rock where these occur bears no mark of being stratified, hav< 
ing no cleavage plane, and being every where pervaded by 
dries, which separate the mass into triangulu prisms, and in 
some oases into other symmetrical wiiia. The ocourresee, 
however, of organic exuvis alone, iodepeadent of the rounded 
pebbles which it contains, are, of course, absolutely conolosive 
as to its being of mechanical origin. 

Mr E. G. Fleming of Kirkcadbright shewed me a fossil 
which he had found several years ago in the soUd greywacke 
rock, at a point on the mainland nearly opposite to Little 
Ross Island. This fossil I found to he an Orthoceratite ; and 
another specimen has since then been found iu the same spot, 
which confirms its identity. 

There remains one point of interest to be menti<»ied, and 
this is the occurrence of an elevated aea-beach. As formerly 
noticed, there is but one beach on the island, at a place enlled 
the White Bay. It consists of oval-shaped shingle, of « oze 
which, in Lancashire, would be called tingle ttannevy and 
it is principally composed of greywacke, with here and there 
travelled boulders of porphyry, of various colours. This 
shingle has assembled itself into two little bays, with a con- 
necting spit between, the top of which is covered with lichen, 
and it is composed of the same sort of shingle as the beach 
below, but is con^derably above the range of the highest 
tides. At the top of this spit the grass line occurs, and to 
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^rpmcaaoe. the. beach here seems to end, but in reality the 
boulders sre fomid in a deoompofflog state, and bedded in the 
loam resulting from tliat decompodtion, for at least 20 feet 
above the present liigheat tide-mark. The grassy part has 
ako the bmbo slope and contour as the uncovered port of the 
beach. In ontting through thia bcdfor a road, I found, at a 
depth of 4} feet below the surface, cockle, periwinkle, and 
other shells, which still inhabit the neighbouriog shores. 

Here, then, is a beach whose level and appearance prove 
the gradual deration of the island. Unlike many other similar 
relioa of the sea that are found without anything lutennediate 
to substantiate the connection, this beach presents an uni- 
form continuation of the existing ehore to the height of 20 
feet above the range of the highest tides, and thus would seem 
to afibrd strong presumptive evidence, that the land at this 
place does, or at least did, gradually emerge from the ocean, 
the general shape and contour of the present bays being easily 
recognisable on the grass-grown land. 

I am sensible that the foregoing observations are in somo 
respects but very imperfect, yet I feel justified in giving this 
sketch, as the facts which hi^pened to come under my notice 
seem to favour the conclusicm that the Silurian system, as 
characterized by Mr Murchison in bb wprk on the Silurian 
System, exists in Sootlond. 



On the Sexei, Organs of Reproduction, andMode of Development, 
of the Cirripedt. Account of the Maidre of the FttAemKn, 
and 2>etcripiions of tome New Species of Crmtaceant, By 
Henky D. S. Goodbib, Esq. Cooununicated by the Au- 

. thor. With three Plates. No. V. 

SECT. I.^-ON TBE UALE OE THE BALAKrs. '. 

It has hitherto been a question whether the sexes in the 
Cirripeds are distinct as male and female, or are combined in 
the same individual ; and the opinions which have originated 
from this, arc both very numerous, and at the same time contra- 
dictory. No two authors agree as to the anatomy and physio- 
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logy of the generative organe of these animals. The vimoua 
and contradiotiOry nature of the opinions regarding this ques- 
tion in relation to the organs of generation, is sufficient to 
cast a doubt upon the owreotoesB of any one of them. The 
Cirrbipeda have, until lately, alwaysbeen looked upon as mollus- 
ca, and this la, without doubt, the cause of so much confusion 
and uncertainty. 

Mr Hunter, who was the first author that examined the an- 
atomy of theee animals with any degree of care, states his 
opinion concemiug the organs of generation in the following 
terms. " It is most probable that all Barnacles are of both 
sexes and of the first class, viz. self-impregnators, for I never 
could find two kinds of parts, so as to be able to say or even 
suppose the one was male the other female." He describes 
what he supposes to be the tubular portion of the testicle, the 
vosa deferentia, and the penis, but at the same time makes 
no mention of an ovary. The erroneous conclnsions to which 
Hunter came in regard to the true nature of these organs, must 
have arieen from the oiroumstanoe of his having examined 
uuimpregnated specimens only. 

Cuvier has the same opinion as to the hermaphroditic 
characters of the Cirripeds, but differs from Hunter as to the 
anatomy and physiology of the generative organs. What Hun- 
ter supposes to be the testicle, Cuvier considers the ovary ; 
the vosa deferentia as the oviducts, and the penis as the ovi- 
positor; at the same time stating his belief that the ova are 
impregnated as they pass through the ovipositor. He was 
led to form these opinions from finding what he considered to 
bo the ovary filled with small granules which ho supposed were 
ova. 

Some other authors again, along with whom we find Sir 
Everard Home, consider that these organs already spoken of, 
and thought by Hunter and Cuvier to be the only organs of 
generation, are merely the male organs, and that the ovaiy is si- 
tuated in the peduncle ; also tbat impregnation takes place by 
means of the organ which Hunter termed the penis. This 
opinion relative to the existence of the ovaries in the pedunclo 
of the animal is incorrect. The mistake has evidently arisen 
from the ova being found io this part of the body alter their 
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escape from the OTaries. They are deposited in thia place by 
the oripositor nntil they are snfficiently matnred to be expelled 
^m the body of the parent animal. Likewise, there is no ap- 
pearance whatever of any glandular etructure in this part of 
the animal, which could be adduced in support of this opinion. 

In looking over these various opiniona, we find that Ouvier's 
is the one which approaches nearest to fact in regard to 
the female oi^aos of generation. If a common Balanns (So- 
lanus bakmoidei) ia taken from the rock daring the month of 
April, and the enclosed animal examined, the oviducts, or what 
Hunter tenned the vaaa deferentia, will be found filled with aa 
immense number of minute yellow granules. These are the 
ova. After a period, they pass along the oviducts and oviposi- 
tor ; the organ which Hunter termed the penis ; and are in- 
troduced in this way into the interior of the shell, or rather in- 
to the cavity which exists between the body and mantle of the 
animal. The ova are arranged in irregular layer-like masses 
at the bottom of this cavity> and sometimes it is completely 
filled with them. At this season the ovipodtor is constantly 
bent downwards and inwards along the right side of the body 
of the animal. The ova, when within the oviducts, as has been 
already stated, are of a globular shape ; but as they escape, or 
shortly after they are lodged in the cavity of the mantle, they 
assnme an ovoid shape, sharper at the posterior extremity than 
the anterior. When suffioiently matured to bo expelled from 
Uie body of the mother, which may be either immediately be- 
fore or after the young animal bursts through the ovisac, they 
are carried out in successive currents at each retraction of the 
cirri. 

From the above statements it will be seen that Gnvier's 
opinion as to the nature of the granules which he observed in 
the ovary was correct, viz. that they were ova. So that the 
organ which Hunter considered as the male secreting organ, is 
in fact the ovary. The only other part, then, which coold act 
as an impregnating organ, wasthe tubularprobosoidiform organ, 
which, according to some authors, has a glandular structure 
near its base, and which is considered by them to be analogons 
to the testicle. Nothing, however, will be found in thia organ 
having a glaodalar appearance or Btrootore, so as to allow ns 
to maintain this opinion. L lOO^^Ic 
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From the aboye observations, then, it will be seen that the 
animal which has heretorore been considered as a hermaphro- 
dite, has organs of generation essentially female, and that im- 
pregnating organs are altogether awanting. The conclusions, 
therefore, which we are bound to draw from these observations, 
are, first, that the Girripeda are not hermaphrodites, that the 
sexes must be separate ; and second, that the male must exist 
S8 a separate and distinct individual 

Mr J. V. Thompson, whose opinion is of the greatest weight 
in regard to the history of these animals, says, when speaking 
of the small crustaceous-like animal which he afterwards 
found to be the larva of the Balanue, — " Circumstances induced 
a belief that they were the larva or disguised state of some 
cmstaceous animals, or, (as it had been previously ascertained, 
that the Cirripedes were cnistaoea), that they were the males 
of these, not being disposed to believe that the two sexes were 
united in the same individual. In favour of this idea, too, it 
may be observed, that the males of many crustaoea are remark- 
ably less in size and different in aspect, as in the Caligi and 
Bopyri, and also that in some they are rarely met with, and 
only at a particular season." Again, the same anther says, 
" From a con^deratlon of the whole history of these animals, 
are we to conclude that they have the texei united ? A fact 
so much at variance vcith what we see in all the rest of the 
Omstacea may authorize a degree of scepticism." 

Having then satisfied myself that the Cirripedes were not 
hermaphrodites, and seeing, at the same time, that, in as far 
as the young or larva were concerned, these animals were 
really crastaceons, and having also these statements of Mr J. 
V, Thompson's before me, I was led to suppose that the sexes 
were distinct, and that the male animal would be found to re- 
semble that of the lower Sj^honostomous Crustacea, such as 
the Lemsea, &c.* The male of the Lerasea is always found 

* ProfbsBM? Edwtwd Forbes of tlie Sing*! Oollegs, London, In a coarse of lec- 
tnrei oq Zoology delivered hj him in Edinburgh during the J«*n 1810-11, 
drew an tatiogf betneen the Leinmffi uid the Pednnciilatod Barnacles, in so far 
Bs regards the eitemal oviducts oftlie former, and the pedicles of the latter, both 
rf these OTgani being considered b; him as parts of the organs of genetBtion, — 
leceptadea for tliepurptMe of bringing the omaon taStHy toastate of maturity. 
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attached near to the external ovidaots, and in some cases up- 
on that part of the body in which the ovary is situated, as in 
AnchoreUa uncinato. This being the c&se, it was thought that 
the male of the Balanus would be found in an analogous posi- 
tion. Under this supposition the ovipositor was carefully ex- 
amined in a very great number of cases, at all seasons of the 
year ; but nothing in the shape of a separate animal could be 
observed. 

During the beginning of the month of May (1840), how- 
ever, while engird in examining specimens of the Balanut 
halanoideg^ in the hopes of still finding my supposition correct, 
a email fleshy body was observed, not on the ovipositor, but 
on the body of the animal, immediately over the ovaries. This 
body was adhering with a considerable degree of firmness, and 
on being placed in a separate vessel of sea-water by itself, it 
was found to be alive, and to bear a great resemblance in its 
external appearance to a Lemsea. 

On making a more minute eiiamination, the anterior part 
of the body was found to be minute and crustaceous, consist- 
ing of sis articulations- The eyes are two in number, bkck, 
shining, and pedunculated. The antennse are four in number, 
and are generally in constant motion. Owing to the apparent 
disproportion of the two divisions of the body, this animal is 
entirely unfitted for locomotion ; but the croetaceous or anto- 
rior division is constantly moving backwards and forwards. 

We shall proceed, then, to describe in detail this animal, 
being of opinion that it cannot be other than the male of the 
Balanus. (Plate IV. Fig. 10.) 

The whole animal is of a straw colour, the anterior or orus- 
taceous portion being of a %hter shade. The body, as already 
stated, consists of two parts, an anterior and a posterior ; 
tho former of which is minute, crustaceous, and composed of 
six articulations ; the latter is unarticulated, large, fleshy, lo- 
bulated, aud contractile. It has also a number of fleshy 
extremities, which apparently represent feet. A long, fleshy, 
tail-like appendage also arisen from the mesial line posteriorly. 
The anterior part of this portion of tho body is trilobate, and 
projects above and beyond the crustaceous portion of the body, 
altogether concealing it from view when the iwiinal is lying 
in the natural position. CiOO'^lc 
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The first segment of the cmstaceous portion ia the largest 
of all the MX, and is of a semicircular shape. It sapports the 
masticatory apparatus, two pairs of antemue, the two eyes, a 
pair of strongly pectinated orgajis, and a pair of long, sharp, 
claw-like members. (Plate III., Fig, 3, a.) 

The eyes are large, shining, black, and pedunculated, and, 
as far oa could be mode out, were to a certain extent mobile. 

The first or anterior pair of antennic are each composed of 
a single large, flat, scale-like joint, which has its extremity 
armed with seven or eight long, delicate filaments, the two 
first of which are biorticulate. Each of the external antennae 
consist of nine joints, the two first-of which may bo considered 
as peduncular ; the la^t seven are much more delicate and 
slender, and have each of them a spine at the distal and an- 
terior extremity ; the ninth has the extremity armed with two 
or three long and very delicate spines. 

The mouth is situated at the posterior part of this segment. 
It appears to be suctorial; bat, from the extremely minute 
size of thb portion of the body altogether, this has not as yet 
been made sufficiently out. 

A very strongly pectinated scale arises from the base of the 
first pair of antennie, one on each side. These arise almost 
from the mesial line, and cover the anterior antennse. The 
posterior edge is armed with seven or eight long, sharp, and 
powerful teeth. Another pair of strong claw-like extremities 
arise from the base of the anterior antennse, which last are 
directed backwards. 

The feet are ten in number, five on each side. Each of 
them consists of six articulations, the last of which is armed 
with a strong terminal claw. The first, second, and third 
pairs are rather short, and have the last articulation spherical. 
The fourth pwr ai-e large and powerful, but the fifth are much 
more slender. The extremities are apparently unfitted for lo- 
comotion, and are therefore generally bent in upon the abdo- 
minal surface of the body, except the last pair, which appear 
to be constantly moving about. 

The four middle s^ments of the body have their external 
edges inflected beneath the body to within a little of the mesial 
line. The posterior edges of these inflections are strongly pec- 
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tinated, after the same nuuiner as the oigaiis at the bases of 
the first pair of anteniue. These are, doubtless, for the pur- 
pose of retaining a firm hold of the female daring the act of 
copulation. 

The external organs of generation are situated at the base 
of the last pair of feet ; they are articulated, and a slender 
vessel, the vosa deferens, runs from the base of each round to the 
dorsal aspect of tho segment to the testicle, which is probably 
situated in the soft portion of the body. (Plate III., Fig. 6, b). 

The soft portion of the body consists of three parts ; these 
are separated by means of neok-like contractions, which divide 
the portion into three equal sections. The first of these u 
trilobate, and has been already described. The second has two 
arm-like extremities arising from each side of it, representing, 
as it were, anterior extremities. These run backwards, and 
taper very gradually to a point. The third or last division of 
this part of the body has also two extremities of the same ap- 
pearance as the last, together with a third tail-like extremity, 
which arises from the mesiaj line, and hes between the two last 
described. 

In looking over the above description, we cannot fail to see 
the points of affinity between it and the larva described by Mr 
J. V. Thomps(m, and which ore of considerable importance, 
snch as the pedunculated eyes, &c. It has also many connect- 
ing points with other cmstacefr— to the Lemsese by means of 
its soft fleshy body, and to the higher crustacea by means of 
its pedunculated eyes and antennie. 

From the researches of Mr Thompson relative to the meta- 
morphosis of the Cirriped, there can be little doubt of the re- 
lation which they bear to the Crustaceans. There was only one 
point which could make this relation at all doubtful, viz., the 
hermaphroditic character of the Cirriped, seeing that one of 
the great fundamental distinctions between the higher and 
lower Articnkto, is the separation of the sexes m the former, 
and their combination In the latter. From this circumstance, 
it would have been impossible to have admitted of the junction 
of the Cirriped and Crustaceans, which had heretofore been con- 
sidered as lielonging to two separate classes. 

Looking upon the above described animal, then, as the male 
of the Balanns, we completely break down this only objectioiu 
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a eircumstaiioQ whicli miuit now entirely decide the question 
as to the oruBtaceologioal character of the Cirripecl. 

As to the objections which may be raised against this animal 
bemg the male of the Balanus, it may be asked, why has it 
not been observed before ! This question may be met in more 
ways than one. It is a fact consistent with our knowledge of 
the Crustacea, that the males of many species become visible 
during certain seasonB only ; also, that one impregnation is 
sufficient for several generations. Now, these very facts are 
known, and have been proved to take place amongst the very 
species of Cmstaceans with which the Cirriped must be 
arranged. These facts must serve to strengthen our opinion 
as to the natural arrangement of the Cirripeds in the animal 
kingdom. 

The male of the Balanus becomes visible, without doubt, at 
certain seasons only. Daring the season of love, the posterior 
portion of the body which seems to contain the organs of gene- 
ration, is much enlarged ; and after the act of impregnation 
has been fulfilled, these organs become atrophied for a season. 
Looking upon this suggestion, then, as the true one, it cannot 
be wondered at that the anterior part of the body, which is so 
very minute, should escape observation within the body of the 
female animal. It is also a curious fact, and supports the 
above suggestions, namely, that in those specimens where the 
ova have reached the mantle, the male is not seen, having 
only been found in those aa yet apparently unimpregnated. 
Since there are many points of similitude between this animal 
and others of the Crustacea, it may be well to direct attention 
to some of these. 

To the LeroseEe, in general, it has many points of conneo- 
tion, but to none so nearly as to those belonging to the 
" Tribes dea Ergasiliens" of M. Edwards, and to the only 
species of the genus Nicothoa of that tribe it has a most strik- 
ing likeness. The Cirripeds, however, are analogically con- 
nected to this tribe in many respects. The larvae of the Ler- 
nEesE and Cirripeds resemble one another very closely in their 
internal as well as external structure. The larvfe of both are 
free animals ; but as they arrive at maturity, the females become 
permanently fixed and monstrous, and the males are attached 
to the body of the female, upon or near to the organs of gener 
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ration. The organs of locomotion are ntnated roand the moath, 
and to a considerable extent act as organs of respiration. The 
yonng of both ore endowed tvith organs of vision, which in 
after life become extinct — ^ia oil coses in the Cirripeds, and' 
in almost every instance in the Lemsese. 

These facta will shew the near connection which the two 
seta of animals have to one another, and that it is a more 
cloeo relation than that of mere analogy which eslstf) between 
them. In fact, the Cirripeds may be considered as Lemsrae, 
the former being attached to animate, the latter to inanimate 
bodies. This last assertion, however, is not altogether cor- 
rect, inosinuch as we find species of Cirripeds attached to the' 
skins of the Cetacea. 

There are some other points of siinilitude between tho male 
Cirriped lind the Crustaceans, but these ore of lees note. It is 
connected to the Podothalma by means of its eyes ; and to tho ' 
Isopoda by means of the eiructure of its feet, and the anterior 
division of its body. 

The natural size of this animal is (when the oi^na of ge- 
neration are at their highest state of enlargement) about a line 
in length, and a lino in breadth. In some cases, however, it 
is rendered much larger from being infeeted with a parasitic 
crustacean. This parasite is an leopod belonging to the family 
lonient of M. Edwards, and which will fonn the type of a new 
genus in that family. (Plate III., Fig. 7). 

Of this parasite, we shall now proceed to give a short descrip- 
tion. It infests the soft part of its victim only, and sometimes 
in very considerable numbers. When brought under the field 
of tho microscope, it was found to belong to that section of the 
Isopodous crustaceans, termed by M, Edwards, the Sedentary 
Tsopods. It is about the fourth of a line in length, almost colour- 
less, except in the middle of tlie body, where it is of a dark 
brown colour. The body consists of seven segments, of which 
the second appears to be tho longest ; this one, however, seems 
to be also articulated) although very indistinctly, and is pro- 
bably composed of five segments instead of one, seeing that the 
five purs of legs arise from this part of tho animal's body. 

A long triarticulate antenna arises from each side of the 
first segment near to its posterior and external angle. The 
two first joints are the thickest, and both of them conjoinai. 
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ajre idmost eqtul in length to the third, whkh hu its fxtrenuty 
armed with two spines. 

Five pairs of very short, but thick and powerAil, 1^^ ame 
from the followiog aliments or Aegment : — 

Each of them is three pointed ; the Erst joint is thi^E and 
i^ort, the second much more slender, and the third or hist ia 
apherioal, armed at its extremity witii a small claw. 

From eaoh dde of the six following segments of the body, 
there arises a long flattish soalo, each of which scales has its ex- 
tremity armed with two, three, or four long filamentous, slender, 
spines, which are quite stiff and directed backwards. The two 
last, or terminal of these scales, arc the strongest, and also the 
tongest, the spines gradually decreasing in length as they ap- 
proach nearer to the anterior extremity. 

When thia animal is taken from it^ natural habitat, its mo- 
tions are very feeble, and it is apparently quite helpless. The 
organs of raght seem to be awaatmg, or are very minute, the 
habits of the animal being snch as not to require them. The 
ova are large, and gradoally lengthen oat into the form of 
a double cone, as the animal is ready to burst through the 
ovisac. 

SECTION II. OM THE URVA OF BALAKUS BALAHOIDBS. 

During the greater part of the months of April and May 
of this year (1843), the water around the Island of May has 
been darkened with innumerable shoals of the young of the 
common Balanus. These Cirripeds adhere, in vast numbers, 
to the sides of the precipitous rocks beneath low water-mark. 

A number of these were taken from the rocks, and those 
which were found to be loaded with spawn were put into a se- 
parate vessel by themselves, and the water regularly changed 
upon them until the young animal escaped. In this way their 
development and structure was made out satis&ctority. 

In those where the ova had but recently escaped from the 
ovaries, these were closely packed together in the bottom of 
the cavity of the mantle, in large and Brm layers ; bat as they 
became more matured, these masses became more broken up 
and disconnected, and gradually disappeared as the young 
wore expelled from the body of the mother. 
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The appearanoe pat on by the ova, shortly before the young 
animal has burst from the ovisac, is that represented in PL 
IV., fig. 13 ; it is aemitrtuisparent, and the motione of the animal 
may be observed through the membranes. 

The larva, shortly after its eseape from the ovum, is r^re- 
aettted in PI., IV., fig. 15. The body is of a pyriform shape, 
being large and rounded ulteriorly, while it is small and pointed 
posteriorly. It is almost colourieaa in some parts of its body, 
but the general shade is dark brown, which is deepest in tht 
centre. 

The eye is large, of a blaok colour, is situated in the mesial 
fine, near the anterior edge ; it is of a quadrate ehf^e. Al- 
most in a Hue with the eye, and from the lateral edge of each 
side of the body, there arises a short hom-Iike process which 
curves slightly forwards. 

The body is composed of a number of segments, which are 
most numerous at its posterior extremity ; the last segment is 
armed with three sharp strong spines which project back- 
wards. 

This animal has three pairs of extremities, the first of which 
is single, and the other two are double. The first extremity 
is composed of a greater or less number of long spines. The 
two following pairs of extremities are each double, or composed 
of two parts, which arise from a common peduncle. The an- 
terior part is articulated, but the posterior consists of one 
piece only, which is almost as large as the anterior or articu- 
lated portion. Each of these divbiona is armed with a great 
number of long spines. The third or last extremity is formed 
in the same way as that last described, but is not so large. 

After the Balani have been about a week in existence, they 
put on the appearance represented in PI. III., fig. 8. They 
have changed in their appearance to a very considerable ex- 
tent, are rather larger and much more active in their habitat 
than those which had escaped from the ovum more recently. 

A large segment has originated at the anterior part of the 
body, and the horn-like processes described formerly, now form 
the posterior and external angles of this segment ; It also sup- 
ports the first pair of feet, which are constantly directed for- 
wards, and are now apparently composed of three segments 
only. 

D„:,iP<.-jM,G00glc 
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Tha e)'e ia Urge, ahining, blMk, and qnadrate. ' 

The remaining part of the body ia pyriforni, <»nnpOMd of ■»■ 
Teral segments, and having the two remaining extremities 
arising from each side of it. The tail consistA of tvo long 
spines, which arise from each side of one of the laxt tegmentt 
of the body. These Bpines are almost eqnal in length to thd 
body, and the; are strongly serrated on their external edge*. 
The first pair of legs ariae from the anterior part of the first 
segment of the body ; they consist of a peduncle, which is ooid- 
posed of two or more segments, and of two separate portions 
which arise from the pednnole, and which are formed in the 
same way as those of the former stage. The laat pur of legt 
is also formed in the same way. 

SECTION III. ON THE LARVA Or BALANUS TIHTItlKABtJI.tIU. 

There is no set of animals which has caused ^eater annoy- 
ance to systematists than the Cirripeda. 

They were first arranged by Linntens, along with the tes^ 
taceouB mollusca. Gnvier at first followed this arrangement ; bat 
latterly placed them in a distinct class by themselves between 
the Mollusoa and Arttoulata. Lamarck, Latreille, M'Leay, 
and other authors followed this latter arrangement ; the two 
last authors acknowledging, at the same time, their closer con- 
nection with the Articulata. 

The decision of this important question, however, was left 
to onr oountr\-man, Mr J. V, Thompson. This gentlemui 
having obtained some minute mussel-like animals, at first con- 
sidered them to be nondescripts belon^g to the CrustaceMia, 
but on a further examination, and by keepinga few of them aliv* 
in glass-vessels of sea-water, ho was soon enabled to make out 
their nature and relations satisfactorily. To use Mr Thoinp* 
son's own words — " They were taken on the l«t of May, and 
on the night of the eighth the author had the satisfaction to 
find that two of them had thrown off their exavia, and 
wonderful to say, were firmly adhering to the bottom of the 
vessel, and changed into young barnacles." The above men' 
tioned statements set at rest, in a great measure, the previsua 
disouB^ons as to the position of the Cirripedi ia the tuinMl 
kWjdom. C.OO^Ic 
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• In the be^nniiig of March of the present year (1843), while 
Professor Reid of St Andrews and myself were watching the 
movements of some very lai^e balani {BcUanut Tintinnabulum), 
we observed a few of them ejecting with considerable force a 
great quantity of small granules every time the cirri were re- 
tracted. No great attention was paid to this at the time. 
Next day, however, we were astonished to find the basin in 
which the balani were confined swarming with an innumerable 
number of extremely minute but very active animals, when it 
imniediately struck us that these must have been the young 
which the balani were throwing off the day before. On placing 
one of these animals under the microscope, we expected to find 
one of these mussel-like animals described by Thompson ; but 
instead of that, it bad an almost exact resemblance to the 
young of the genus Cyclopg. To make sure that there had 
been no mistake, one of the adult balani was opened, when 
the large cavity of the muitlo was found to be filled with the 
grannies which we had formerfy seen ejected. A few were placed 
in a watch-glassful of sea-water under the microscope. They 
were quite motionless, of an ovoid shape, sharper at one extre- 
mity than the other (PI. IV., fig. 12). The eye, or rather what 
was considered to be the eye, was observed a little before the 
middle line, and near to the superior edge. In the course of a 
short time, a few began to make some efforts to escape. After 
they had done so, they were found to resemble, in their exter- 
nal appearance, the young oyclopides alluded to above. At first, 
the efforts to escape were feeble, but latterly they became 
more violent ; and by means of the tail, which was suddenly 
and forcibly jerked upwards and downwards, the membranes 
vhich contained them were burst on the abdominal surface, 
upon which the young animal escaped. It was some time, 
however, before the extremities were completely freed. In 
the course of ten or fifteen minutes after they had been taken 
from the body of the mother, these young animals were all 
free, and the empty sacs were lying amongst them. They 
have a striking resemblance, in their external appearance, to 
the larvfic of the cyclops ; and if we had not had the certain 
evidence of having seen them taken from the body of the 
mother, we would have pronounced them young Oyclopides. 
After many fruitless endeavoars, we foand it impossible to 
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preserve them alive for any length of time, and were, there- 
fore, disappointed in our expect-ations of seeing them undergo 
their metamorphoses. We were, therefore, uncertain whether 
they underwent a firat and second metamorphosis, and changed 
first into the mussel-like form described by Thompson, and 
then into the parent form, or were simply metamorphosed into 
the parent form. Seeing that this is a distinct species from 
that described by Mr Thompson, it is impossible to decide 
this question until farther observations have been made. 
Having been fortunate enough, however, in making a series of 
observations of the same nature on the young of the Balanut 
balanoidea, which are recorded above, it will now be seen that 
this question is already decided, viz. that the balani must 
undergo two changes of form, or perhaps more, before arriving 
at a state of maturity. 

We will now proceed to give a short description of the larva 
of this species (PI. IV., fig. 11). 

When viewed from above, the body of the animal is found 
to bo pyriform, with the anterior edge rounded, and the pos- 
terior extremity ending by means of a point. The whole body 
consists of three segments : the first forms the greater part of 
the body ; the two last are minute. Two long unarticulated 
extremities project from the anterior edge on either side of 
the mesial line, arising, apparently, from the abdominal sur- 
face of the body. Two short antennae arise also from this 
edge, immediately on each side of the above described extre- 
mities. 

The eye is situated a little behind the anterior edge, and in 
the mesial line of the body. ' 

Two very strong thick legs arise from each side of this first 
segment of the body. These are bipartite, each division aris- 
ing from a pedicle common to both, which consists of three 
segments. The dirisions themselves are apparently nnarti- 
oulated, but are armed with a number of very strong spines. 

The second segment of the body is minute. The third and 
last is also minute and pointed, and is armed with three strong 
spines, which are bent to one side (the left side), that nearest 
the right side being the shortest. 

All of these larvx swim after the manner of the moooouli, 
by ^ort and sudden jerks. They propel themselves by means 
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erf the two pun of spined extremitiei. The tail to sbo in 

WHutont motion. 

■ECTIOH IV.' — ON THE UAIOKB OF THE PISHEEUXir. 

Hearing our Sshermen often speak of " something'' which 
•bounded in great quontitiea in the Firth of Forth during the 
Bummer mouths, which they called Maidre, and of which they 
never could give me a clear description, I determined to exa- 
mine it for mjaelf. 

It was stated to me that this maidre was generally found in 
greatest quantity round the Island of May, oniy during the 
summer months, and especially during the time of the herring- 
fishing. 

I find, however, that maidre must abound during the spring 
months also, as the stomachs of the herrings caught at present 
are in most cases filled with it. 

In frequent excursions to the Isle of May, during last year, 
I found that the maidre consisted of one immense continuous 
body of minute animals. 

The animals composing this immense body were those be- 
longing to the Cirripeds, Crustaceans, and Acalepha. 
' Of these the Onistaoeaos existed in the greatest numbers, 
or rather ma»»e», for it gives a faint idea to speak of numbers. 
The Crustacea were Amphipoda and Entomostraca, the for- 
mer of which were very abundant, but the latter (Entomos- 
traca) formed the greatest proportion of this innumerable body 
of animals. 

The Acalepha also abounded, of which the different species 
of Berooe were seen in greatest numbers. 

I remarked that the masses of maidre abounded most at 
the sheltered sides of the island. On looking into tlie water, 
it was found to be quite obscured by the moving masses of 
Entomostraca, which rendered it impossible to see anything, 
even a few inches below the surface. 

But if, by chance, a clear spot is obtained, so as to uUow 
the observer to get a view of the bottom, immense shoals of 
coal-fish are seen swiEnming lazily about and devouring their 
minute prey in great quantities. Occasionally small shuals 
of berringi ore men pursuing them with greater agility. It is 



Mr H. GoodBir on Ab <S«m ^tke Cirripeiitt Ifc 168 

in the deep oareniB, however, in the ndes of the iBlaod, vhstt 
the maidn is found in greatest abundance ; and acoordin^^, 
we find that all those animals puTBoing them are found there - 
in greater abundance alao. 

The fishermen, during the earlier periods of the fisher; tdce 
advantage of this, and, shooting their nets across the months 
of the caves, alarm the herrings in them, either by throw- 
ing large stones from their boats or from the tops of the rooks 
—and in this way somotimes succeed in taking great shots. 

These, however, are not the. only animals which prey on 
the immense bodies of maidre. 

■ Great numbers of oetaoea often frequent the neighbourhood 
of the island at this time ; droves of dolphins and porpoises, 
swimming about with great activity ; and ocoasionally on im- 
mense rtn-qual may be seen raiding his enormous back, at in- 
tervals, from the water, and is to be observed oouising round 
and round the ieland. 

I have examined great numbers of these eetaceons animals 
(dolphins and porpoises) within the last few years, and never 
have seen anything resembling the remains of herrings, or 
fish of any other kind, in the stomach, although the former 
fish was very abnndant at the same time in the Firth. I 
make no doubt, therefore, that these cetacea only accompany 
the herring in pursuit of their common food, viz., Entomoatraca 
and Acalephfie. 

1 have already stated that it was entromostracoos animalt 
which formed the great mass of the maidre. Among these I 
obtained a great number of nondescript species, one of which 
I shall now describe. 

On one of my occasional visits to the Isle of May, I observed 
that at a considerable distance from the island the sea had a 
slightly red colour, that this became deeper and deeper as we 
neared the island ; and also that the surface of the water pre- 
sented a very curious appearance, as if a quantity of fine sand 
were constantly falling an it. I thought at first that this last 
circumstance proceeded from rain, but presently I found that 
both phenomena were caused by a great number of small red 
Kntomostracea, which I had never before observed in such 
abundance. On further observation, I found that it belonged 
to the genus Cetochilus of M. Rousel de Vanzeme, who ha« 
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giTen a detailed description of his species (C. AuatralisX the 
only one hitherto known, in the lat vol. of the Annalis des Sei- 
eneea Naturelle. This author etatee, that it is found in the raoific 
Ocean, and in the middle of the Atlantic Ocean, about 40 de- 
grees south latitude. It fomiB, he says, very extensive banks, 
which impart a red colour to the water, and which furnish a 
plentiful supply of food to the whales frequenting those seas. 
Description of Plates.— Plate III. 
Fig. 1. Dorsal aspect of the anterior part of the body of the male 
Balanus. 2. Abdominal do. 3. AbdomiDol anpect of the Brat and se- 
cond Mgmenta of do. ; a, firat Begnient 4. Third pair of legs. 5. Fourth 
pair of legs. 6. Fifth pair of legs ; b, external organs of generation. 
7> Parasite. 8. Second stage of the Larvce of Balanus Balanoides. 

Plate IV. 
Fig. 10. Male of Balanus Balanoides, abdominal aspect. 11. Larrss 
of Balanua Tintinnabulum. 12. Ovum of do. 13. Ovum of Balanus 
Balanoides. 14. Natural size. 15. First stage of Larva of Balanus 
Balanoides. 16. Natural size. 17. Larvte of Feduncnlated Cirriped, 
drawn after a figure of Thompson's in the Philosophical Transactions 
for 1835. 13. Natural size of the male Balanua. 

(TV) be concluded in our next Number.) 

On a new kind of Phosphorescence observed among certain 
Annelidet and Ophiuridw. Bn M. A. Db Quateefaoes. 

The phenomena of phosphorescence presented bj living beings, so 
worthy of attracting the attention of physiologiatB, aa well aa natural 
philosophers, have yet been studied only in an incomplete manner. 
This neglect is no doubt owing to the difficulty of the subject itself. 
In fi»ct, most of the animals in which this remarkable property 
manifests itself with the greatest intensity, generally inhabit the eea. 
The few opportunities for examining them that occur on the shores 
of the ocean or of the Mediterranean, and the extreme difficulty of 
conveying to the localiUes inatruments of such delicacy as a careful 
examination of these phenomena requires, have hitherto prevented thia 
subject from being treated with the care which it deserves. 

Notwithstanding the small number of facts and observations which 
we possess in reference to it, we believe we may already conclude, 
tbat under this common appellation of phosphorescence, we are 
in the habit of uniting many phenomena which possess very dis- 
tinct natures. We appear to confound the property which is in- 
herent in some bodies, of disengaging light during their decom- 
poution, with the analogous phenomena which living beinga present. 
Among theee, we have not hitherto established any distinctioa. SJc 
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appeafs to na more than probable tliat the pboeplioreEoeiice of de- 
caying wood and fishes, &a., is due to it slow n^mbualion. Weare 
abo mnch disposed to attribute to the same cause the light given off 
bj some animals, particalarly that disengaged by the Idtnpyres and 
the ElatcridtB. This eipUnation, however, becomes doubt^l when we 
applj it to tbe tmimol seoretionB of c^iain mollusca. We have,' at all- 
events, heard M, Milne Edwards, in his lectures, cite a fact on this- 
point which is highlj curious. Wishing to place some living Fhpla^es. 
in alcohol, he observed a luminous matter exude from tbe bodies of 
these mollusca, which, on account of its weight, sank iu the liquid, 
covering the bottom of the vessel, and there forming a deposit as shin- 
ing as when it was iu contact with the air. 

During the gojoutds I have made upon tbe Ghores of tbe British 
Channd, I have often had occasion to observe the phosphorescence of 
the eea. So &t as my observation Los extended in deep water, how- 
ever, the phenomenon is ulwaj'i limited to sparks, bright but not nu- 
merous, which the dash of the oar or the prow of the vessel instan- 
taneously produced, and which as rapidly disappeared. In other cir- 
cumstances, agun, I have noticed the fttci which grow upon the beach 
resemble an entirely incandescent mass. To witness this spectacle, which 
I observed particularly at Chausey in the summer of 1841, all that was 
necessary was strongly to agitate some of the branches which had 
recently been left bare by the receding tide, when my hand became im- 
mediately as if set on fire. It was principally annelides which produced 
this light ; and scarcely less so small ophyures. Besides, I am also 
sure that some microscopic entomostraca also become momentarily 
luminous ; and it is to these last, especially, that I attribute the very 
brilliant BcintiUationa I have witnessed on several parts of tbe coast. 
At all events, in examining with my glass, witli the greatest care, a cer- 
t^n quantity of wat«r taken from these localities, and which gave out 
sparks in my flask, I have found no other creatures bat these last- 
named animals. 

The observations which follow refer solely to tbe annelides and the 
ophiuridee. The former consbted of some minute species of nereidie, 
especially of the genera Syllis and Polynm, some of which I regard as 
new, but will not here describe. We as yet know too little of tliese 
insignificant creatures which swarm on the margin of the ocean to 
enable us to recogniae, with any degree of certainty, whether they are 
full'growa or otherwise, except when we find them bearing eggs ; and, 
under the circumstances, I have thought it better to abstain frvm con- 
jecture. At the same time, one of them, which most strikingly 
exhibited the phenomena of pboEphorescence, presented a zoological 
character which is quite remarkable — namely, that the aciculi with 
which its feet are armed, instead of being of a conical fonn as is usually 
observed, terminate in a kind of pallet with cutting edges, divided into 
two not very distioct lobes, the one of which is more developed than 
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the other; » mechuium Terf ^TOiuabls for wounding Mif of flu 

enemiei of thU miDu4« anneltde. 

One of tbeH aimelides found at Chansej, in the testa of a balanos, 
wu nearly twelve linei long, and soaicelj a quarteT of a line in 
diameteT. Ita feet were Teij Dumetoiit and approximate. The mo- 
ment that I accideDta]l3r touched it, it commenced to creep rapidlj, and 
at the »ame time became bo luminous, that I obserred thig luminositj in 
spite of the glare shed by a lamp burning with a white flame. This 
luminosity exhibited a nell-marked and beautiful greenish hue. On 
placing the animal in the dark, it appeared to be luminous throughout 
ita whole extent ; but upon examining it with a ghwB which magnified 
five or eix diameters, I immediately discovered that the light arrayed 
itself in points which formed two parallel lines throughout the length 
of the body, and corresponded to the feet of the annelide. Theae lami~ 
nous pointa were very brilliant, and seemed to move about ; they 
vanished when the creature was at rest, and reappeared so soon as a 
alight excitement induced it to move agun. 

Wiahing to discover the phosphorescent organs with greater pre- 
mion, I placed the annelide under my compressor. In this operation 
it was divided ; but both fragments remained luminous. I first em- 
ployed a lens which magnified only 10-15 diameters, and took care so 
to arrange the light, that it was so obscure that I could at once distin- 
guiih the light produced by the annelide, and the apot whence it is- 
sued. At the first motion which the animal made, I now saw each of 
the luminous points I had formerly observed display itaelf under the 
form of a atar, whose body was formed by the base of the fleshy organ 
whence the slender bristles spring. The rays were prolonged along the 
muscles, which proceeded in all directions from this organ, like the 
cordage of a ship, towards the different points of the ring. I had 
abundant opportunity of examining it with all possible care, and I could 
not discover the slightest trace of phosphorescence in aoy other part of 
the animal. 

When I employed a lens which magniBed thirty diameters, I had 
great difficulty in discovering the sparks, theb hrigbtnesa being ao much 
diminished. I did, however, succeed; and, by varjing the funount of 
illumination — sometimes dispenabg with it, and again employbg it — I 
became quite assured that the light manifested itself only in those mus- 
cles which were in action, and solely at the instant of their contraction. 
Moreover, it scarcely ever extended throughout their whole length, 
and appeared sometimes only towards theb centre, and at other times 
towards their points of attachment. It was alwaya atrongest in propor- 
tion aa the contractions were energetic. Finally, this light did not ap- 
pear in a unilbrm manner, but as if composed of a great number of mi- 
nute sparks ; and the impression it produced on my eye was in every 
reaped similar, though more feeble, to that which results from an elec- 
trical discharge occurring through the medium of a great aomber of 
small metallic plat«s placed in juxtaposttioii. 
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Under tbeie different manipnlationR, my tuinelide wm broken into a 
great number of bagmenti. All of them, however, more or lets mtun- 
lalDod their lumioous propertiei ; sad all that was required to repro- 
duce the phoiphoreicence was to move them with a pin. With them, 
as with the halvei which at firat were the objects of tdj examioation, 
muiculor contraction and the appearance of light were phenomena 
which appeared thoroughly connected with one another. 

After more than an hour's observation, I compreaned the remaining 
fragments between the plates of my instrument, so as to crush them. 
During this operation, there was not the slightest trace of light ; but 
when I relaxed the amount of the pressure, and at the instant that the 
two glasses rapidly separated by the action of the spring, it afresh pre- 
sented itaelf. This phenomonou was noticed several times, and under 
sufficiently high powers. I still recognised that the parts which dis- 
played it were always and solely the muscular organs, which, leogthened 
and flattened by the pressure, regfuned their natural state upon its re- 

The observations mentioned above were made at Chausey in the year 
IMl. Occupied with other pursuits, I could not at that time follow 
them up ; I have since, however, completed them, at St Waast-la- 
Hougue, during the year 1842. 

The annelides of this locality exhibited nothing that was new to me ; 
but I noticed, in some of the microscopic species, the &cts I am about 
to detail. 1 ought here to remark, in. general, that the phenomena did 
not on this occasion exhibit themselves so conspicuously j but whether 
this was owing to the character of the season, or to the phosphorescence 
being weak in the species I captured, I cannot say. Nevertheless, I 
did very clearly observe them in a small polyn<B 3-4 lines in length. 
With the nal:ed eye, I could recognise that the creature was not lu- 
minous throughout its whole extent, and that the phosphorescence was 
confined to certain points upon the sides of tiie body. Under a magni- 
fying power of 3 diameters, I perceived, as I had done before, every 
one of these points decompose itself into the appearance of a star, and 
upon llie muscles I conld distinguish some of the isolated scintillations, 
which together formed the radiation of the star. 

The minute greyish opbiura displayed appearances altogether ana- 
logous. Often, the instant they were touched, they threw their five arms 
into action, and sparkled from one extremity to the other. The colour 
they exhibited was of a yellowish green. Their body remained quite 
obscure. With the naked eye, it clearly appeared that the light upon 
the arms was not uniform, but that it issued forth from those spotd which 
coiresponded with the joints. In watching them with a suitable micro- 
scope, and with the necessary precautions, it was apparent that these 
points were composed— not of a star as in the annelides, but of parallel 
luminous strin- Altogether they formed a kind of phosphoiescent ring 
rmnd the joint 
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From the facts we have nanated, it follows, that in certtun annelides, 

tbe motot muBCles of the feet are tlie sole seatof the phospboresceoce. 
The light which issuee from these parte b confined to a completely shut 
cavity, BurrouDded with a liquid, in which are completely enveloped 
the parts endowed with functions perfectly determined, and in which 
there is no room to euspect the presence of any secretory organ what- 
ever. Its appearance always coincides with the contraction of the part, 
and disappears when this does. From these facts we think we may 
conclude, that in these animals there is the production of light in the 
form of pparks, independent of all secretion of other matter. This phe- 
nomenon, therefore, in no respect resembles what is observed in those 
insects which are poasesaed of a distinct luminous organ, which appears 
almost formed of a net-work of minute air-cells, — in which the light is 
remarkably enduring, — in. which the phoepborescent matter may be col- 
lected after the animal's death, maintaining its peculiar properties a^r 
it has been isolated. No more does the phosphorescence of Iheannelides 
resemble that of the Pholades, or of tbe Medusas, &c,, since, in these 
animals, it depends upon the presence ofa mucus which can be collected 
in considerable quantities. 

These obaervdtions respecting tbe annelides are equally applicable to 
the ophiuridte. In fuct the arms of these latter are composed of minute 
calcareous portions, articulated severally to the extremities of each 
other, as in the vertehrEe of the tail of the lizard. The living matter with 
which they are covered is not merely a homogeneous substance — a kind 
of animal pulp, as some authors have conceived: different t«gumentaTy 
layers are readily distinguished in it, and the more solid portions are 
conjoined by true muscular faaciculEc, whose fibres may be perceived by 
tbe microscope. It is upon these points alone that the phosphorescence 
appears : there it exhibits itself under tbe form of scintillations, — the 
striEe which it appears to form having the same direction with tbe 
fibres ; and it does not manifest itself, except when the arm is in mo- 
tion : As soon as tbe animal is in a state of repose, no trace of it can be 
seen, even although the same portions be irritated. Hence, we conceive 
we may conclude, that in them, as in tbe annelides, the light is pro- 
duced in muscular parts, only during their contraction, irrespective of 
the contact of air, and independent of all secretion, proporly so called. 

The manner in which the light is distributed upon the muscles of the 
annelides appears worthy of remark. I have stated above that it sel- 
dom occupies the whole of their eitent, but appears only, sometimes at 
the extremities — sometimes in the middle — and sometimes at isolated 
points. These facts appear completely to agree with what I bavo else- 
where stated concerning the contraction of the muscular fibres, which 
1 have observed in the Edwurdsia and the Synaptes, It may he re- 
membcred by some, that I have elsewhere demonstrated that the light 
scarcely ever occupies tlio whole length of one of these fibres ; and in 
their case, I can readily judge, by tbe minute transTers^ striie which 

C.oo^lc 



among certain AnneHde$ and Ophiurida. 109 

exist.* In the anuelideg, agsin, in which each muscle is formed hy a 
■iagle thread of muscular subBtance, which is often sufficiently irregular, 
and in which, during the contractiun, only a simple moTement of retrac- 
tion can be perceived, it was impossible to ascertain whether the move- 
ment occurred in the whole muscle, or only in a part of it But a con- 
traction in the phosphorescent species being accompanied with light, 
the verification of this fact became easy, and I believe 1 may safely con- 
clude, from the facts above enumerated, that in the annelideB, and also 
the actinildae and holothuriae just named, muscular contraction but 
rarely takes place in the whole length of a muscle, or even of a single 
fibre. Observations of this kind are made with more difficulty omong 
the ophiurtdae, in which the muscular fibres ore merged into each other, 
and lost aa it were in the general meshwork of the tissuca ; but it is evi- 
dent thai analogy would authorize the admission of precisely the same 
conclusion in them, and even in those cases where we have the appear- 
ance of isolated luminous points, sa I have frequently witnessed, and 
which at first does not appear confirmatory of the view. 

The annelides subjected to experiment have exhibited another fact 
whicL appears equally worthy of attention. At the time I discovered 
them in the fuci, which supplied them with a safe retreat, their move- 
ments were prompt and energetic ; and the phosphorescence was equally 
lively. Soon, however, they became languid, as regarded their loco- 
motive powers, and the light became proportionably fiunEer. After a 
time, it became necessary to excite them greatly, before a spark of any 
brilliancy was obt^ned. At last they could not be roused at all, and 
the light entirely disappeared. After leaving them, however, to repose 
for a longer or shorter time, they seemed to renew their strength, and 
movement returned, together with the luminous phenomena. This kind 
of lassitude, which was rather tardy in its manifestation in some of the 
annelides, on the contrary exhibited itself very promptly unong the 
ophiuridae. In these the phosphorescence was at first very conspicuous, 
aiid their five arms were often illuminated from one extremity to an- 
other ; but this brilliancy continued only for a few seconds, and tlie ani- 
mal was quiet. Being stimulated, it agtun put itself in motion, but with 
much less energy ; and the illumination disappeared equally rapidly. 
Usually, I could obt^n only seven or eight consecutive luminous dis- 
charges : some of the most robust have afforded as many aa nine. One 
of these, after I had allowed it to rest for half an hour, gave, at the 
end of this time, three other discharges, hut they were &r from being 

It thus appears very clearly, that the production of this luminosity 
very much fotigues the animal, and rapidly exhausts it. Where any 

* See Uie Memoirs upon the Synaptee of Duvemoy, and on the Edwardsia!, 
Bl well as the plates which Dccompany them, in the Annaki do Stimtei Xatu- 
rella for lUS. 
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ophiiuiiibe were in tibii condition, I hate pricked, them thoroaglily, uid 
tortured tbem in all w&yi, during which they remained quite motion* 
leu. If, after this, I, u it were, triturated one of their arms with a pin> 
I obtained a little feeble light, but nothing more. Eren organic con- 
traotility appeared to become eitinct in tfaem, wbilit in one of the geoiu 
Sjllia, we Lave preTionsly teen how very long it continued. Thii mark- 
ed difference appeared to depend upon the nature of the tisfuea, whkh 
are much more solid in the Articnlats, even those which are micioBcopie, 
than in the Radista. The organized la3'er which clothes the teita et 
the ophiuridBt, is Terj rapidlj decomposed and disBoWed ; and it cannol 
long pTeserve those properties which appear to appertain esclnsively to 
the organization. 

These &cte which I now pnblisb, appear clearly to indicate a reeem- 
blance between the luminons phenomena of theie minute animals and 
Hie electrical phenomena whic& ate poweiBed by the torpedo, gyronotui 
&c. In both of these claMBB, the imponderable fluid, lighter electricity, 
is wasted by an orgmized appaimtui in satate of purity. In the fishes, al 
in the annetides and ophiaridEe, this fluid is smartly disengaged by dia- 
cbaiges : these diecbai^es, electrical or Inminoue, progressively diminish 
in intensity ; they speedily tatigne the aninud submitted to the ezperi' 
ment, and a longer or shorter repose is necessary ere Uie phenomena can 
again be produced. 

M. de Humboldt has kindly communicated to me certain nnpnbltshed 
observations made by M. Ehrenberg, and which corroborate tbMe above 
detailed. I he illustrious microscopist of Berlin has obeerved amonf 
some small marine animals approximating to the JfocHhiqiut a special 
luminous organ which he compares to the apparatus of the electrical 
fishes. He has also been led to admit that in this organ there is the ap- 
pearance of light by sparks, and by a discharge, and independent of all 
material secretion. In short, he has, as I have done, assimilated tlw 
prcductLcn of light in these microscopic beings, to the production of 
electricity in fishes. 

There is, however, a fundamental diflerence between the fikcts I have d»- 
buled,andthose observed by U.Efarenberg. IntheannelidesandophinridM 
no special luminous organ is to be found ; and the function ia devolved 
□pon the muscles. This last particular, however, is not of a nature to 
prejudice the minds of naturalists, since the beaotifnl experiments of H. 
Hatteucci have, in the higher animals, demoustiAted that the existence 
of electric currents are manifestly apparent in the mnacolar masses. 
Natural philosophers are coming every day to consider the different im- 
ponderable fluids as being ouly simple modiflcations of one and the same 
agent; and it is no difficult matter to conceive that this agent, when put 
in motion in living bodies, and particularly in the muscles, may eihiUt 
itself sometimes in the form of Ught, and at other times under that of 
electricity. 

I shall conclude this notice with tliia single reflection. It is welt known 
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that in the electric difichargea of fiebes, tbe shock, though very Btrong, is 
accoiiip«utied with onlj & feeble and dull spark. The ingeniouB experi- 
menta devised by M. Maason, bave, it is true, demonBtrated, that with a 
TBry feeble HOurce of electricity we naj obtain very violent shocks, in 
which DOtwithstaoding, the sparks ore scarcely visible. With the help 
of his apparatus, he has produced the electrical phenomena of fishes in all 
their minute ciTcumataoces, but, in the explanation which he has given 
of these facts, he is always obliged to admit, that at the moment of the 
shock, tbe electricity accumulated in the spinal nerves rapidly ; that it 
consequently acts in considerable quantities, although the source whence 
it emanates appears to give origin only to a very feeble current. In the 
theory of M. Masson, or in that of others, the violent shock which is felt 
in coming into contact with the torpedo and the gymnotus, ia owing to 
a great mass oi electricity dispersing itaelf rapidly among our organi, 
and tbe disproportion between the intensity of the luminous phenomena 
observed, and that which we should have been led to expect, does not 
the less exist. 

But in the anneSdes and tbe ophiuride we have been able to recognise 
only the production of light : it would be interesting to diacover if there 
he not at the same time traces of electricity. Thia investigation cannot 
evidently be undertaken upon the species which we have observed, their 
minuteness opposing all attempts of this kind, But it is well known that 
M. Duges has discovered in tbe stones in the neighboucbood of the volcano 
of Agde a large specimen of the genus Syllis which he has designated by 
the specific appellation ol falgurant, whoso luminosity is without doubt of 
the same nature as in iti congeners. It ia probable that this species ia 
not confined to the locality in which tbe Montpellier Professor has dia- 
oovered it ; and I shall take the liberty therefore of pointing out this ani- 
mal to those naturalists and physiologists who are on the shores of the 
Mediterranean as a most suitable subject iof the experimental enqaiiy 
to which I have alluded. It would be curious to discover in tbe modi- 
fications, ImniDous or electrical, of the agent on which we have been 
dwelling, a kind of balancing or fluctuation, whence it should result that 
in the same animal, the one cannot, ao to speak, predominate, except ftt 
the expense of the other.* 

* I mmt here make one remark concerning tha facia I hsve been det^Iing. 
We cannot on oil occasions procure animals whose phosphorescence ia so strong 
that It will be seen when we use magnifiers. Generally we only discover a 
feeble glimmer when using a magnifying power of ten diameters. Nstnralista 
therefore who wish to repeat these observatiooB must not be disconrsged If they 
meet with some i^appointmenta before they succeed. — (From Annale* da Seiintti 
Satunllei, Mori 1S43, p. 183.) 
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On seme Experiment made by a Commigsion of the Rot/al In- 
ftiiule of the Pays Bas, with a viern of verifying Ike pro- 
perly ascribed to Oil of calming the reaves of the Sea. 

The Annales de Chimie et de Physique for the month of 
March 1342, contain a Memoir by M. A. Van Beetc, on the 
property possessed by oils of calming waves, and rendering the 
surface of the water perfectly transparent. After citing 
many teetimoniea to prove the existence of this property and 
its eflicacy, the author goes on to express the opinion that we 
may find, by the nse of oil during tempests, a means of protect- 
ing piers and other marine constructions against the violence of 
the wares, by pouring it on the water not far from the sides. 

So bold and singular a supposition could not fail to attract 
the attention-of men of science ; accordingly, the Academy of 
Sciences of Paris appointed a commission to examine the sub^ 
ject. But, on this occasion, it will be neither useless nor un- 
interesting to our readers to know that the sanie question lias 
already been agitated in Holland. 

M. Van Beek, who is a member of the Royal Institute of 
the Pays Bas, made a proposal last year at the sitting of 
the class of sciences, having for its object to prevail on the 
Government to institute experiments with the view of prov- 
ing that oil had the power of preserving piers against the 
violence of the sea. 

This proposition was not generally approved of. Three 
members were chosen to examine further into its importance ; 
but these three persons in their turn being by no means unani- 
mous in the considerations and advice which they ofFererl, it 
was thought that the best way of getting rid of the embarrass- 
ment, was to adjourn the consideration of the proposal, and 
endeavour, before resuming it, to obtain some positive light 
on the question itself. In consequence, a commission of five 
members was appointed, with instructions to make du-ect ex- 
periments on the power oil exercises on the waves near the 
coast ; and it is the report of this commission which we are 
now about to communicate. 

The commission nominated from among the members of 
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the first class <tf the Royal Institnte of the Pays Baa, w»d 
directed to mak6 experiments on the power attribated to oil 
and other fat substances of diminishing the violence of waves, 
reprat what w« done and observed by t£em on this subject. 

The Oomiiuaiion having chosen the vilii^e of Zandvoort, si' 
toate on the shore of the North Sea, as the place for making 
their experimmts, agreed to meet there on the first stormy day. 

They were obliged, however, to change their intention, and 
to fix on a certain day, on account of the period of the season 
(the month of Jnne), during which tempests are rare ; and the 
blasts of wind of any degree of strength being also of short 
duration, it would have been impossible for them to have met 
at the village mentioned in proper time. They came more 
readily to a decision by considering that, if oU really exorcises 
on the water in a state of great agitation the power supposed, 
jt must be still mwe easy to recognise this property on a sea 
pat in motion by a wind of moderate force. Meanwhile, two 
of the commissioners, happening to be in the country on a 
day when the wind was blowing violently, made a trial by 
pouring a small quantity of oil <Mi the water of a rivalet, and 
observed an evident change in the appearance and movement 
of the water. 

Another member of the Commission made on the same day 
a similar trial on the Spaarne (a small river near Harlem), 
and obtained the same result. 

Encouraged by all these observations, the 28tb of Jane 
was fixed on for the purpose of proceeding to ulterior ex- 
periments. 

The Commissioners assembled at Zandvoort on the day 
mentioned at nine o'clock in the morning. Some of them 
proceeded aehort distance &om the shore, in order to poor the 
oil upon the water, and observe the results ; the others re- 
maining on land, and not knowing either at what moment or 
how many times the oil was poured out, were to keep their 
eyes fixed on the waves, which rolled from the boat towards 
the shore ; by these means, their opinion, exempt from all in- 
flnence, might be considered as so much the more impartial. 

The wind was south-west, and of moderate force ; the 
quantity of oil poured out at four different times, namely, at 
43, 45, 60, and 64 minates past nine o'clock, amounted to 16 
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litres (apwtrcb of d imperial gallons) ; the tide wu flotriBg* 
and would not reach its faVL height till 21 minOteB past eleven 
o'clock. 

The CommiBsionera who remained on the shore not having 
remttrked aaj effect which could be ascribed to the effusion of 
the oil, and the same thing being the case with those engaged 
in pooring it, we might already consider the question, if oil 
poured at a little distance from our piers could protect them 
from the fury of the waves, as answered in the negative. 
Nevertheless, the Commissioners thought it incumbent upon 
them to make a second trial at a somewhat greater distance 
from the shore. Two of them were rowed beyond the rocks^ 
and then cast anchor. 

The distance was calculated by the boatmen at 300 yards [ 
the sounding line indicated a depth of about three yards ; and 
the waves were rolling considerably. More than the half of 
1& litres of oU was poured out in the space of five minutes 
(from 15 to 10 minutes before 12 o'clock), and the Commis- 
sioners did not observe the slightest effect in relation to the 
object of their mission. They saw the oil swimming on the 
sorface of the water, partly united in spots of an irregular 
form, partly extended and forming a pellicle, and partly 
mingling with the foam of the waves, and sharing in their 
oscillatory movements. 

When returning to the shore, at the moment of passing the 
rocks, the Commissioners caused the rest of the oil to he poured 
on the water, and they can testify that it had no effect in di- 
minishing the motion of the waves, for they were many times 
abundantly sprinkled with the spray. It is unnecessary to add, 
that those who remained on land, bad remarked nothing at 
aU which conld be attributed to the effusion of the oil. 

After all that has been said and written on this subject, the 
Commissioners are astonished at the negative result of theb 
experiments, and, limiting themselves to the account of them, 
they add no observations. They believe themselves, however, 
authorized to assert, as their personal opinion, that the idea 
of protecting our piers by means of oil, is not a happy one.* 

* From Aniul«a de CUmie et Phfiique. T. vil, p. 371. — Tlte ezperlmMiti 
appear to have t>«en condaclcd on too «mall a. scfil* to tffoid MtitflMtorf TWultt. 
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i. The Permian Sgitem of Roclu. 2. Theory of the Origvn «f 
Coal. 3. Lines of AwMnt ^«a LeveU. 4. On Matto- 
donioid and Megatkerioid Animate. 5. The Chief Aim t^ 
the Geologieai Society of London. By R. I. Mukchibo^, 
Esq., President of the Geological Society, Sic. &c.* 

1. Femtian System of Bocks. — On its eastern frontier, far 
removed from tbe tract to which allusion has been made, the 
appermost member of the carboniferous Itmestones of Nor- 
thern and Central Kussia, distinguished by the presence of 
multitudes of the foraminifer Fusulina, is succeeded by the 
most widely spread of the Russian systems ; to which, from its 
occupying the whole of tlfe ancient kingdom of Permia, we 
have assigned the name of Permian. You have been told, 
that this vast group is composed of limestones, marls, great 
masses of gypsum, rock-salt and repeated alternations of cup- 
riferous strata ; and that it contains a flora and a fauna, of 
characters intermediate between those of the Carboniferous 
and Triassic periods. The shells are, to a great extent, those of 
our Magnesian Limestone or Zechstein ; and, like the conglo^ 
merate of that deposit near Bristol, the Permian rocks are dis> 
tinguisbed by the presence of Thecodont Saurians. The in- 
terest attached to these vast deposits, which have been spread 
out on the western flanks of the Ural Mountains, is increased 
by the inferences which have been drawn, that springs and 
currents holding much copper In solution must have flowed 
&om the edges of that highly mineralized and metamorphie 
chain, while the Permian strata were accumulating. But the 
great value of having worked out a fuller and richer type of 
a group of strata betweeu the Carboniferous and Triassic 
epochs than any which exists in Western Europe, will be found- 
in the fossil shells, the plates of which are already far advan- 
ced ;_ for, with some species hitherto knowu in the Zechstein 

• From Ehe Address delivered at the Anniversary Meeting of the Osological 
Bodetrf of LondoD, ITth Febrotu? 1843. 
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of Gennany and Magnesian Limestone of England, we shall 
publieh others which are indentical with or analogous to forms 
that occur in rocks occupying the same geological position in 
North America. 

In America, indeed, as in Russia, these beds had heen com- 
pared with every deposit, from the coal to the Keuper inclu- 
sive, whilst in our work they will be shewn to have no con- 
nection with the New Bed Sandstone or Triassic group, but 
to occupy a definite position, truly intermediate between that 
system and the carboniferous. At the same time it is mani- 
fest, that although they overlie and are, as they ought to he, 
very distinct from the Carboniferous system, yet they contain 
some species of shells which occur in that division. Thus it 
will be made evident, that afterall there now remains scarcely 
any real difference of opinion on th^s head between Mr Phillips 
and myself (to which I alluded last year) ; for I leam from 
him, that in England the analogy between the fossils of the 
Magnesian and Mountain Limestone obtains to a far greater 
extent than could he supposed irotn any published catalogues. 
I trust, therefore, that the ensuing year' will not he without 
its fruits in the production of new works on the shells of the 
Magnesian Limestone of our own country ; and I am glad to 
have it in my power to inform you, that Mr King, the Cura- 
tor of the Natural History Society of Newcastle-on-Tyne, is 
preparing some excellent materials for this purpose. 

A better acquaintance with the Permian fossils, particu- 
larly the prevalent Mollosca, induces me, notwithstanding 
the arguments I employed last year, to infer that this deposit, 
so naturally connected through its characteristic fossils with 
the Carboniferous strata, must be classed with the Paleeozoic 
rocks." The physical structure of Russia is also greatly in 
favour of this view ; for, in large portions of that country, there 
is an entire absence of the great rupture between the Carbo- 
niferous rocks and the Magnesian Limestone, which is so pre- 
valent in the British lales. The examination of rocks of this 
age in North America, leads to the same opinion ; viz. that 

• My compuloiu, M. da Tenieiill and Ooont Keyieriittg, h*Te long oitert^lMd 
tb« nme Wewa m Mr PbilUpa on this point. 
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the Permian deposits must be viewed as the fourth or upper- 
most stage of the Palieozoic series, notwithstanding the occur- 
rence of Thecodont Saurians. 

2. Theory of the origin of Coal. American and Evropean 
Evidmcea compared. — At the last Anniversary we were 
aware, from the independent evidence of Mr Ly^ that both 
the bituminous and anthracitic coaia of Pennsylvania were 
underlaid by Stigmaria fcoides and fire-clay ; and we have now 
before ua the result of the labours of our associate Mr Logan 
in the coal-fields Of Pennsylvania and Nova Scotia, in examin- 
ing which, his chief object seems to have been to ascertain 
whether the fects relating to the theory of the origin of coal, 
as seen in North America, were analogous to those to which 
be has ao successfully directed attention in England- 
Availing himself of the prior researches of the American 
geologist, Professor H. Rogers, and his assistant surveyors, 
who had prepared the valuable map of Pennsylvania above 
alluded to, Mr Logan has laid before us a very clear sketch 
of the general relations of the Pennsylvanian carbonaceous 
deposits, and of their chief convolutions. Since that time 
tihe Governor and legislature of the Canadas have wisely se- 
lected this well-trained field-geologist to execute a mineral 
survey of the whole province ; and I am happy to acquaint 
you that he has already commenced his task in a very effect- 
ive and vigorous manner, by laying down as the base-lines 
of his work, some of the great anticlinals and synclinals of 
that region, and by connecting them with the already de- 
scribed features of the United States. In comparing the coal- 
field of Pennsylvania with those of South Wales, with which 
he is familiar, Mr Logan states, that he almost invariably 
detected beneath each anthracitic coal-seam, a bed of fire-clay 
or argillaceous materials filled with Sligmaria Jicoidea. In 
his description of the coal-fields of Nova Scotia, which have 
not yet been fidly developed, hut among which we hear of one 
bed of clear coal twenty-four feet thick, and afi%>rding 250 
tons daily, Mr Logan states he bad also detected the Stig' 
maria Jicoidet in similar nnderclay. With such extended ob- 
servation spread out before them, the evidences in which all 
seem to point one way, young geologists may well be led to 
suppose that the theory which, if I may so speak, has recently 
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been rendered IbsHonable, of the origin of coal by sulraidence 
of vegetable matter t'n titu, must be conndered established as 
of general application. I, however, adhere to the cautionary 
remarks which I ventured to make last year, and will now 
endeavour to impress upon your minds the inapplicability of 
aucb a theory, however tme under limitations, to large por- 
tions of the carboniferous strata in different parts of the 
world. 

Since our last Anniversary statements have appeared in our 
own country, both supporting and impugning the probable 
truth of the theory. The last meeting of the British Associa- 
tion being held at Majichester, geologists were there assem- 
bled in the centre of a tract appealed to with great reason 
by the supporters of this theory as containing many proofs of 
its truth ; for, in the immediate vicinity of that town there 
occur, as you all know, the beautiful examples of vertical 
stems of large trees apparently in their original position, 
which were formerly described before this Society. After 
giving an elaborate and satisfactory account of the great Lan- 
cashire coal-field, shewing that its lowest members, formed on 
tiie flanks of the Fenine chain, and subordinate to the mill- 
stone grit, contain marine shells analogous to those of the 
'Mounts Limestone series, and stating that they are sur- 
mounted by a middle and an upper group, the former consti- 
tuting the richest coal-field, Mr Binney describes in great de- 
tail the composition and contents of all the numerous roofs 
and floors, as well as also of the coal-seams, i^ich are includ- 
ed between them. He shews also that the rool^ vary in their 
nature at different places, even over the same seam, and con- 
tun the remains of many vegetables, sometimes, as near Man- 
cheater, in vertical positions, SigillaricB being in such cases 
a most abundant plant ; other roofs of black shale in the 
lower field are loaded with Pecteng, Goniatiies, Poridonia, and 
fishes. The coal-floors, on the contrary, present a much 
greater uniformity of structure, fire-clay similar to the under- 
clay of Mr Logan being most abundant ; though it is admit- 
ted, that a different or siliceous clay also frequently occurs, 
and that two instances are known whero the coal rests at onoe 
on coarse quartzose sandstone. Seeing, that with one except 
tton, (U the floors throughout an estimated thickness of new 
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fiOOO feet contain the plant Stigmaria ficoidet usimlly'witb ifa 
I«BTes attached, — ^that both the roofs and floors indicate a 
very tranquil method of accomolation, — that the coal is free 
£rom admixtnre of forei^ or drifted materials, and that large 
trees frequently stand iq>right, thia author is indaced to be- 
lieve that the vegetables out of which the coal has bsen formed, 
grew upon the spot. 

At the same meeting, this view was contested by Mr W. C 
Williamson, also well acquainted with the structure of the 
country around Manchester. His chief arguments were, 
however, derived from other tracts, and they assisted in 
proving,— 1«(, The frequent association of marine shells with 
ooal (as at Coalbrook Dale, and in Yorkshire). 2(%, The 
very triturated and broken condition of the plants, as well as 
their great intermixture in the sandstone and grits, coupled 
with the fact that large quantities of vegetables are often 
matted together with marine and estuary shells, phenomena 
indicative of drift. Admitting that the floors of the coal or 
underclay present a great uniformity both in the absence of 
other plants, and in the almost general occurrence of the 
Stigmaria, Mr Williamson -allows that a plant, found so very 
generally in such a position, may hate grown in estuaries into 
which the other vegetables were drifted. Acknowledging 
that the drift theory is open to some objections, he stated that 
one of the greatest of these is, in his opinion, the extent and 
uniformity of some of the thin seams of coal. Qn this point, 
however, I must be permitted to say, that, if admitted, the 
difliculty must be applied to numberless other deposits of all 
ages, which every one knows isfa»i have been accumulated 
under water. Subaqueous action of a tranquil nature is, it 
appears to me, precisely the agency by which we can satii- 
&Gtorily explain the uniformity of many thin layers contain- 
mg vegetables which are extended over wide areas, as ia th« 
copper grits of Russia before alluded to. By what othee 
possible means, for example, can we explain the wide extent 
of the thin copper slate of Germany with its associated fisheg 
on the still thinner bone-bed at the base of the Lias ? So ^ 
Uien from being a phenomenon which invalidates the forma- 
tion of coal under water, it seems to me, tliat tha very fact of 
a thin and squal^e dapssit is an almost imponibje ooMtitiMb- 
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if we in&ist exclusirely upon tbe submergence of forests or 
jangles in titu, in which considerable irregularilies of outline 
must in all probability have prevailed. 

On my own part, and that of my fellow-travellers in Russia, 
I have brought beftire this Society what we consider strong 
evidences against the too general adoption of this favourite 
theory. We have told you that in many instances the St^ 
mariajieoida occurs in loose and incoherent sands, as well as 
in shales, and is frequently present where no coal is seen ; 
but what we chiefly insist upon is, that all the coal-fieams of the 
south of Russia, without exception, alternate r^eatedly with 
beds of purely marine origin. In one section of the Donetz 
coal-field it has been stated, that at least twelve beds of ma- 
rine limestone alternate in one vertical section with thirteen 
seams of coal and nnmerons bands of sandstone and shale, in 
which many species of plants, besides Stigmarise, are confused- 
ly heaped together. But we need not go to Russia for such 
examples. The whole of the mountain limestone or lower 
coal series of the north of England is charged, though not 
to so great an extent, with prools of the alternation of marine 
deposits with coal and its associated sandstone and shale. 

The coast of NorthnmberUnd, to the north of Alnwick, 
presents evidences of thin seams of coal resting at once on 
sandstone, and intimately connected with limestone fiilt of 
sea-shells. Advancing northwards to Berwick, and to beyond 
the Tweed, purely marine strata re-occur, charged with still 
more carbonaceous matter ; and, in the same series on the 
ntMrth-westem parts of England, we have frequent examples of 
the persistence of what must be called exclusively marine con- 
ditions. Througboat that vast succession of beds, all tbe ani< 
mal remains with which geologists have become acquainted, 
occupying many distinct stages, have lived in the sea, whilst 
the plants, so far as I have been able to observe them (broken 
into fr^jments), consist of many species irregularly heaped 
together, the vrhde, together with the sands, grits, pebbles, 
and shale, offering the clearest signs of tbe drifting action of 
water. 

On the subject, then, of the origin of coal, it would appear, 
that as our inductions can never be sound, if they repose upon 
one class <^ phenomena only, so do some coal strata offer iti-4 , 
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dications of the truth of the hypothesis, tiiat in large tfacte o{ 
the world, the mineral was formed from vegetablee which 
were washed into bays and estuaries, and often carried fax into, 
the then existing seas. In other instances, flat and marshy 
tracts rich in tropical vegetation, being subjected to gradual 
depressions, may have been converted into lagoons and swamps 
without any direct encroachment of the sea ; and in this pecu- 
liar condition (subjected, however, in all cases, to entomb* 
ment beneath those waters in which the overlying sandstone 
and shales were accumulated), oscillations of the land may 
have raised the beds at intervals, again to be fitted for the 
growth of marshy vegetables. 

In geology more than any other science, it must he our con- 
stant endeavour to unravel phenomena which at. one time 
seemed inexplicable, and often opposed to each other ; but 
with new discoveries the difficulties vanish, and the apparent- 
ly conflicting testimonies are found to be in perfect harmony 
with the order of changes, which the surface of the globe has 
undergone. I repeat, therefore, my belief, that, whilst coal 
may have been formed in many localities by subsidence of ve- 
getables on the spot on which they grew, as first suggested by 
Brongniart, MacCulloch, and others, its origin unquestionably 
is also due, and over very large territories, to plants having been 
washed into estuaries and seas, and there equally spread out 
in successive layers with sand and mud. 

3. On Lines of Ancient Sea-Levela. — In a recent report to 
the French Institute, our foreign Associate, M. Elie de 
Beaumont, has given the substance of a most important me- 
moir by M. Bravais, "On. the Lines of Ancient Sea-level 
in Finmarlt." Informing us that this work proceeds from 
the pen of a naval officer attached to one of those nume- 
rous scientific enterprises conducted at the public cost, which 
do so much honour to the French government, M. de Beau- 
mont embo<lies the labours of M. Bravais in a lucid analysis 
of many of the facts relating to the same subject, which have 
been accumulated in Norway, Sweden, and the British Isles. 

Proofs of the elevation of the coasts of Norway have been 
brought before geologists by Von Buch, Brongniart, and Keil- 
hau, and have recently been extended by M. Eugene Robert to 
Spitzbergen. Mr Lyell has made the British public familiar 
with the great oscillations which the land of Sweden has un- 
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dergone since the existence of the present marine fauna (for 
Scania has been depressed beneath the Baltic, whilst other 
parte of Sweden have been raised), and I may be permitted to 
add, that the extent to which eleTations have affected the 
north-eastern comer of Europe has been recently pointed out 
in Russia by my companions and myself. 

In the prelude to the report on the part which M. Bravais 
has performed in these labours, we are put in possession of the 
results of the valuable researches of Professor Keilhau, who, 
prior, to the French expedition, had ascertained the levels of 
different accumulations, all supposed to be marine, from the 
sea-shores to altitudes of above 600 feet in the interior of 
Norway. 

The greater number of geologists have for some time be- 
lieved, that these phenomena could atone be satisfactorily ex- 
plained by upheaval of the land, and M. Bravais has, by a new 
method of proof, arrived at the same conclusion. 

Passing about a year 'in the environs of Hammerfest, he ob- 
served that terraces of gravel in some spots, and marks of ero- 
sion on the face of the cliffs at others, indicated at least two 
ancient lines of sea-level, which extended from the coast far 
into the interior along the sides of the sea-loch of Alton fiord. 
Availing himself of the water'mark left by the line of sear 
weeds (Fucug vesicuhsus), and estimating from that horizon 
an approximate mean level of the tide, he instituted a series 
of exact measurements of the altitude of both the lower and 
upper sea beaches, or ancient water-marks upon the rocks, at 
six different stations between the mouth of the fiord and its 
southern extremity, a distance of ten to eighteen leagues, and 
he arrived at the striking result, tliat the two terraces of Alten 
fiord, which at first sight, or seen only to a limited extent, 
seemed to be horizontal and parallel, are, when measured ri- 
gorously, found to rise from the levels of 46 and 92 feet (En- 
glish) above the sea near the mouth of the firth to the heights 
of 90 feet and 220 feet at its further or inland extremity I In 
referring you to the Memoir for the ingenious and accurate 
methods employed by the author to obtain these results, and 
of which M, de Beaumont has given a very clear account, I 
will here simply direct your attention to some of the chief geo- 
logical considerations with which they are involved. (^\xv;lc 
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' As these lines of deposit rise towards the interior, so as to 
mark that they coincide nearly with the chief axis of elevation 
of the Norwegian chain, and as there is a want of parallelism 
m the two beaches, the relative altitudes of which vary much 
in short distances, so is it obviously impossible to account for 
the phenomena by any former condition of the tides ; and the 
hypothesis of salt water lakes is, from the same causes, equal- 
ly inadmissible. 

Submarine currents dependent npon violent elevation of the 
chain will, the author contends, no better explain the pheno- 
mena, because the torrential debacles which would have accom- 
panied such movements would have left confusedly assembled 
drifts, and not regularly arranged terraces. It therefore seem 3 
fair to admit that these are truly ancient sea-beaches. The 
measurements of M. Brarais shew, in fact, that in proceeding 
from the coast into the interior, these beds not only rise to 
higher levels, but that their elevation has been irregular, viz. 
that whilst the sea-ward inclination of the older or higher of 
the two terraces, taken from a station at the middle of the 
dord, is very moderate, the rise of the same beds from that 
central point to the southern extremity of the fiord is at a 
greater angle, and therefore, that there has not only been a 
much more intense movement of elevation over one portion of 
this area than another, but that this notabe change of dip in- 
dicates the greatest movements at the two extremities, the 
centre varying slightly from the horizontal. Now from these 
facts (independent of all the geological evidence) it is argued, 
as before observed, that no change of level of the sea will ac- 
count for such an outline. 

I will pass over those parts of the report which are connect- 
ed with pure physics, not only on account of my own incom- 
petency to do justice to them, but because I would surest, 
that however certain geological phenomena may be eventually 
proved to he connected with the question of the density of the 
earth, it Is obvious that unequal simultaneous elevations and 
depressions over so small an area as Scandinavia can scarcely 
be due to such a cause. After ably treating this subject, and 
showing that great terrestrial movements only can be admitted 
as explanatory of the facts observed, M. do Beaumont refers 
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to the works of British geologists, and suggests, as indeed Mr 
Phillips has done,* that the parallel roads of Glen Hoy may, 
by accurate measuredient, be proved not to be parallel ; and 
he then goes on to shew, that the lines of ancifint sea-level of 
comparatiTely modem periods, have undergone broad undula- 
tions or great ascending and descending movements over ex- 
te.nsive areas. 

Let us see how these views are strictly applicable to our 
own country. The occurrence of ancient beaches containing 
marine shells of existing species at different levels above the 
sea, has long been observed by geologists in the British 
Isles. Terraces of gravel have also been noted at various al- 
titudes. In some instances they have been referred to the 
formation of lakes, but in others they have been compared to 
sea-shingle ; in many cases also they have been merged with 
diluvial deposits, and latterly an endeavour has been made to 
explain some of them by the action of glaciers which are sup- 
posed to have barred up former lakes. It may be that we 
should not endeavour to refer the whole of these phenomena 
to one common origin ; though most persons must admit that 
the mass of recent evidence proves the greater number of the 
superficial deposits, to which allusion is now made, to have 
been formed beneath the sea. Wherever, indeed,- these ttc 
cumulations are found to contain marine shells so imbedded in 
the sand or gravel as to resemble sea-bottoms, and no doubt 
can rem^ of their origin, the only question is, why do we 
find these shells at such diiferent altitudes ? why are the same 
marine remains (appealing to British examples) placed at a 
height of upwards of 1600 feet in North Wales, and a few feet 
only above the sea in Devonshire and Cornwall, and at heights 
varying from 200 to 400 in the central counties ! Most geo- 
logists have been satisfied to reply (and I am myself of the 
number), that in these evidences they had distinct proofs, not 
that the sea had stood at an indefinite number of levels, there- 
by making a most broken and irregular outline wilhin the same 
period (a supposition apparently absurd), but that the bottom 
of the sea had undergone irregular oscillations, some points 

■* See Penny CjclqpEedia, FaralUl rvada. 
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having been raised to much greater heights than others. The 
examination of the mountfune of North Wales and the adja- 
cent plains of Shropshire, for example, could lead to no other 
inference ; there being in tracts absolutely contiguous, a dif- 
ference of not less than 1000 feet between the level at which 
the same species of marine shells are now lying ; and as no 
other portion of England or South Wales offers a trace of tes- 
tEicea at the higher of these altitudes, it is demonstrable, that 
when the sea deposited the shells in Moel Tryfane it did not 
stand at that height above the whole of England, but thai the 
local appearances resulted simply from unequal elevation of 
the sea's bottom. 

All the analogous phenomena in the British Isles seem to 
lead to the same conclusion. Whilst the modern marine al- 
luvia of the central counties are found to rise towards Snow- 
don OS a great centre of elevation, the banks of gravel with 
dmilar shells ascend from the coasts of Lancashire towards 
the Penine chain in the interior. Again, in the south-westof 
England, the most distinct sea-beaches yet noticed, were as- 
certained to rise very perceptibly from a low level on the south 
coast of Devon and Cornwall, to heights of 120 feet above the 
sea in North Devon, where the elevation is more intense. The 
valley of the Severn afforded similar proofs ; the beds of gra- 
vel with sea-shells, between Worcester and Gloucester, near 
its estuary, are slightly elevated above the sea ; but in ascend- 
ing to its source, the same gravel and shells occur at altitudes 
of SOO to 600 feet, until finally they are seen in the lofty cliffs 
of Moel Tryfane, before alluded to. 

Whilst such may be jnstly received aa absolute proofs (quite 
as clear as those of M. Bravais) of more intense elevation at 
some points than at others, the Euhmarine forests along otir 
coasts have been supposed to offer proofs of subsidence. These 
evidences, however, are not of the same satisfactory nature as 
those of elevation, for it may in some instances be contended, 
that the forests in question grew upon low deltas, and have 
been overwhelmed by irruptions of the sea, which broke down 
certain banks or natural barriers, that at one period protected 
them from inundation. But granting these submarine forests on 
the east coast of England to be really as good proofs of a de- 
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pressioD of the land aa any which exist on the Bbores trf Soania, 
where a great Bubsidence has beien established, it most also 
be borae in mind, that the rocky western coast of our island 
OfiFers equal sipis of depression, since Cornwall and Pembroke- 
shire, and even Cardigan, so nesr to the point of intense dera- 
tion, Snowdon, have each their sabmei^ed forests aa well as 
Lincolnshire. Bxamined, then, as a whole, England offers 
many evidences which to me seem conclusive, that within ft 
very recent period, the land has undergone great and unequal 
movements, both of elevation and depresdoh, in relation to 
the level of the sea. Scotland and Ireland present like pheno* 
mena. In the latter country modem marine shells have been 
found in many localities at various altitudes. Scotland so 
rich in superficial accnmnlations, also offers near her shores 
many testimonies of former sea-bottoms laden with numerous 
shells, but hitherto these reoudns have only been found at 
comparatively low altitudes. Another class of detritus, in 
which, in common with England, she is rich, consists of ex- 
tensive irregular accumulations of clay, boulders and gravel, 
nsually called "■ till," and which may be compared with the 
drift of the tract extending from Bedfordshire and the eastern 
side of Huntingdonshire, to the coasts of Norfolk, Suffolk, and 
Essex. A third class is composed of gravel and sand, ofleil 
arranged in terraces, which in some cases occur at different 
levels, following the sinuosities of the bays and headlands of 
the sea-coast ; in others ramifying into the interior, along the 
sides of deep cavities occupied by fresh-water lakes. 

The well-known " parallel roads" of Lochaber offer the 
most striking example of terraces at different levels above a 
series of exbting lakes, and their explanation has been long 
the subject of controversy. For many years it was the favourite 
hypothesis, based, however, upon the supposition of their jtw- 
feet parallelism, that these lines of shingle were the shore lines 
of the lakes when they stood at higher levels, from which they 
have been successively let off by the breaking down or wear- 
ing away of their barriers. Though supported by several good 
observers, this view has always presented great difficulties as 
to the demand upon our belief in the wearing away and de- 
struction of enormous barriers. Very recently, indeed, the 
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eKpoimders of a terrestrial glacial theory bare at (mee obvi- 
ated all difficalty, by coostrUct^g in their imaginatioD enormoos 
walls of ice 2000 feet high, by which such lakes were formerly 
supported, and by the sudden melting of which they have been 
let off. 

Unable to screw my courage up to the belief in this glacial 
explanation, I will not now repeat the many objections which 
must be raised against it, bat will simply join those who pre- 
fer to invoke the more rational, and, as it appears to me, per- 
fectly satisfactory hypothesis, that all these terraces of gravel 
(including those of the parallel roads) are nothing more than 
ancient lines of beach, which are so many marks of the snc- 
cessive rise of the land- This view is, that^ as yon all know, 
which was so ably sustained by Mr C. Darwin, who, in point- 
ing out their analogy to raised beaches in other countries, has 
also shewn, that as similar materials occur in the great chasm 
of the Caledonian Canal at still greater altitude (900 feet 
above the sea), it was impossible to refer them to any other 
cause than submarine elevation.* I have too long entertained 
the same opinion respecting most of the great gravel accumu- 
lation of our isles, to doubt that this is the true explanation. 
I would add, however, that the southern shores of the Moray 
Frith, which are of course open to the wide ocean, offer to my 
eye still more convincing proofs of the accuracy of this view, 
than the patches of gravel along the Caledonian Canal. The 
terraces of gravel, sand, and boulders which there occur at dif- 
ferent levels, may, in fact, be traced from the slopes of the 
mountains of Morayshire and Elgin, to those heaps which lie 
in the great gorge of the centre of the Highlands ; and there- 
fore I maintain, that all these accumulations must have been 
once connected, and were all originally formed underthe^sea. 

No one who has read M. de Beaumont's report on the me- 
moir of M. Bravais, can fail to be struck with the strong, nay 
even direct analc^ which the gravel and shingle beds of the 
marine bays and fresh-water lochs of the Highlands of Scotland 
bear to the terraces of the Norwegian fiords ; and as the lat- 
ter author has now by patient observation brought the phe- 
nomena observed among the latter under the direct control of 
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geometrical admeasurement, and has shewn that such lines, 
when correctly examined, are neither horizontal nor parallel, 
BO is it nay duty, believing that many of the Scottish gravel ter- 
races have been producedby similar agency, to incite my brother 
geologists to apply the rigorous method of examination of M. 
Bravais, and thus to render this branch of onr enquiries mra-e 
exact. I entertun, indeed, the most sanguine hope, that be- 
fore another anniversary passes over, the Scottish phenomena 
will be tested in a similar manner with those of Norway ; and, 
that as the beds of marine shells in England and parts of 
Scotland and Ireland so clearly bespeak great irregularities of 
movcmeiit,;n the land, so we shall be equally able to shew 
that in the Highlands, lines of elevation acting from different 
centres and with different degrees of intensity, have raised 
former sea-bottoms to the different levels at which we now 
find them, whether along shores or in the deep lateral depres- 
sions by which Scotland is so fissured. Let the memoir of 
M. Bravais therefore, with the admirable commentary of M. 
Elie de Beaumont, be the stimulus to those who enter upon 
this inquiry, which should not be limited to the parallel roads 
of Glen Roy, but extended to the Western' Islands and shores 
of the lochs of Western Ross, among which I have a recollec- 
tion of numerous shingle terraces, including that so well de- 
scribed by Captain Yeteh* ; and eastwards, to the great ac- 
cumulations adverted to on the southern shores of the Moray 
Frith, which in their turn should be connect«d with the ele- 
vated shelly beaches of Bau£ghire, first pointed out by Mr 
Prestwitch.+ 

In quitting the consideration of this very interesting topic, I 
cannothowever occupy this Chair withoutsaying, thatalthough 
British geologists have not yet employed the rigc«vns test ap- 
plied by M. Bravais, there is no department of our science on 
which their observations have thrown more light than Ihat 
which embraces the phenomena of ancient sea-beaches. 
Reasoning backwards from existing causes and the facts of 
yesterday, Mr Lyell has, by a well-digested set of observations, 
led us to contemplate the very period when the ocean was 
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twating against our inland escarpments of chalk, and whem 
oar valleys and those of the opposite coasts of France (oa; 
have been fiords like those of Norway.* 

I also know that my friend Mr Lonsdale has long entertained 
similar views, derived from his intimate acqaaintance with the 
escarpment of the oolitic strata. ; along some of which he h«s 
observed as perfect lines of dunes as those upon the sea-eotiat 
of France, whilst in others he has been struck with their re- 
semblance to many great dislocations of marine undercliff^ 
whereby masses of the inferior oolite have been pitched into 
inclined positions at the bottom of the adjacent vallejrs ; and 
as I ktiow that this subject is one which now occapies his at- 
tention, I have strong hopes, that by his present residence 
on the coast of Devonshire, he will be enabled to add mate- 
rially to the exact conclusions which have been already drawn 
in this class of researches. 

: 4. On Matlodontoid and MegatKerioid Animals,-~-'FoT a sear 
son onr metropolis contained within it a magnificent ske- 
leton of a Mastodontoid quadruped, v^ich, in common with 
all geologists and paJeeontologists, I hoped to see penna- 
nently established in our Kational Museum. This gigantic 
animal was discovered by a persevering Prussian collector, 
M. Koch, who for some time resided in the United States, 
and who disinterred it, tt^ether with a great profusion of 
heads, teetb, and numerous bones of similar animals, fr-om 
amid the alluvia of a tributary of the St Lonis river, where 
the chief remains had probably been an object of super- 
stitious tradition on the part of the Indian tribes. It does 
not appear whether the zealous Prussian had any Bcmples to 
overcome ; but I presume tbey must have been considerable, 
if I were to judge from my own experience in other wild 
countries. In travelling along the eastern flanks of the Ural 
Mouutaius, it was my lot to visit many sites of gold alluvia in 
which bones of the mammoth and other extinct quadrupeds 
are found) and for these remains the poor Bashkirs, the ori^- 
nal inhabitants of the tract, preserved so deep a veneration, 
that, in freely permitting the search after the true wealth of 
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theii' conntrj which they were inoapable of extracting, th«ir 
aoleappeal to the Russian miners was, " Take from us onr 
gold, but for Crod's sake leave us our ancestors." 

Orercoming, however, all difficulties, M. Kochsuoceeded in 
eztracting, and afterwards in setting up, the most complete 
specimen of the species which has ever been seen. Applying 
to it the provisional name of " Missourium]" ho exhilHted it 
for some time in the United States, and then brought it witli 
many of the associated bones to London, in the hopes of 
having the remains perfectly described, and of obtaining foit 
them a price worthy of the British nation. 

The arrital of such a collection oould not fail to excite the 
most lively interest and curiosity among our naturalists, and 
the bones having been attentively examined by many members 
of this Society, produced a diversity of opinion respecting the 
generic character of the chief remains. North America had 
long been a fertile mine of such reliquiie, and the naturalists 
of the United States had not been backward in studying and 
describing tiiem. It is not, therefore, a little remarkable 
that the same difference of opinion as to the generic and spe- 
cific identity of the animals that prevailed across the Atlantic, 
M presented in the memoirs which have recently been read 
before us ; Dr Harlan and Mr Cooper having maintained opi- 
ftionSi'Witfa which, to a great extent, Professor Owen concurs, 
whilst Dr Grant and M. Koch have supported the views of the 
late Dr Godman. 

Citing the American authoritl^ on his side of the question, 
including Dr Hayes, and enumerating no less than thirteen 
species of Mastodon and six species of Tetracaulodon, Dr 
Grant has made a vigorous effort to vindicate the true generic 
charact«^ of the Tetracaulodon, as founded on the presence 
of a tusk or tusks in the lower jaw and certain variations in 
the form of the crowns of the molar teeth. 

This view has been sustained by Mr A. Nasmyth in an 
elaborate paper " On the Minute Structure of the tusks of 
extinct Mastodontoid animals.'' Microscopical examination of 
portions of the tusks believed to belong to five distinct species, 
viz. MasfoAm giganteui, Tetracaulodon Godmani, T. Koekii, 
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T. ikfpffoifUt and the Mtuonriumj hu bIm led thit anthor 
to the same inference as Dr Grant ; vid he conclodea with 
the remark, that, if it he established that specific difference* 
tHwttrely do exist among all these animals, the value of aoch 
microscopic researches is great ; hot if the fivs animals ar9 
grouped as one, then such mode of observation is <^ no nlae 
in palseontological soience. 

PnrfeaMr Owen had previously expresaed opinions at rari-^ 
ance with those of Drs Hayes, Godman, and Qrant, and Mt 
NasnLyth, and his views have been supported within these 
walls by my predecessor, Dr Buckland. Pointing out certain 
mistakes in the setting np of the Missonrium, as exhibited in 
the Egyptian Hall, he compares the foanl with all forms with 
which he was acquunted ; and, shewing that it must have be* 
longed to the Ungnlata, he judges that tiie enormous tnska 
of the npper jaw constitute a member of the proboscidian 
group of pachyderms, and that the molar teeth prove it to ba 
identical with Tetraeantodon or Mattodon giffantmit. H« 
ai^es that the genus Tetracaulodon was erroneously founded 
upon dental appearances in the lower jaw of a very yoong 
proboscidian, and that Mr W, Cooper was correct in suggest* 
ing that the Tetracaulodon was nothing but the young of the 
^gandc Mastodon, the tasks of which were lost as the animal 
advanced in age. A comparison of the whole of M. KocVs 
collection prodoced the result in Mr Owen's mind, that, witit 
the exception of a few hones of the Elephas primiffeniut {hiun'- 
moth), all the other remains of proboscidian pachyderms in 
it belong to the Mattodon giganteua. The remsins of othet 
animals found by M. Koch are referred to by the Hunterian 
Professor to Lophiodon, Afylodon Harlani, Bot, Ctrvut, 8to. ; 
and in respect to the Maitodon giganteva he expresses his 
conviction that it had two lower tusks originally in both 
sexes, and retained the lower tusk only in the adult male. 
Although unable to form a correct judgment on the probabia 
structure of those extinct quadrupeds, I may call your atten- 
tion to a recent work of Mr Kaup, whose striking discovery 
of the Deiuotherium is familiar to you, and who now seems 
to^advooate, from perfectly independent sources of evidunce^ 
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the same yiews as Professor Owen ooncernicg the osteology 
and generic characters of the Mastodon founded upon the com- 
parison of a series of bones and teeth belonging to the Ma$to~ 
don longirottrit, more nomeroos and complete than even those 
of the Mastodoa giganteua. 

Mylodon One of the most brilliant, and, I venture to say, 

not the least durable of the researches in paleontology, re- 
mans to be mentioned in the description of the Mjflodon ro- 
btutut, a nevr species of gigantic edentate anim^ accompanied 
by observations on the affinities and habits of all Megathe- 
rioid animals. After a sketch of the labours of Cuvier, who 
first described the huge Megatherium and pointed out its ana- 
logy to the &mily of Sloths and Armadillos, of the succeeding 
writings of Jefferson and Harlan upon the genus Megalonyx, 
of Dr Lund on the Ckelodon and Sphenodon of Brazil, and of 
his own researches which established the Mylodon and Sceli- 
dotherium, Professor Owen proceeds to describe the mega- 
tberioid animal which he has named Mglodon robuttut. 

Of the purely anatomical descriptions, it is not my province 
to speak, and referring yon to the >vork in which, through the 
enlightened munificence of the College of Surgeons, all the 
necessary illustrations have appeared, I pass to the generali- 
zations, and learn that the Mylodon, in common with the 
Megatherium and Megalonyx, are genera of the family of 
Qravigrada, as distinguished from the Tardigrada in the or- 
der Brttta. 

Professor Owen then proceeds to a comparison of the ana- 
tomy of the Mylodon with that of all analogous creatures, and 
after an able analysis, he satisfies himself, and also, I am per- 
suaded, every one who has followed his close reasoning, that 
he has at length ascertained the true habits and food of this 
family of mammifers. From their dentition, it is inferred that 
the Megatherium and Mylodon must have been phyllopha- 
gous, or leaf-eating animals ; whilst, from their short necks, 
the very opposite extreme to the camelopard, they never could 
have reached the tops of even the lowest trees. Cuvier, on 
the contrary, suggested that they were fossorial, or digging ani- 
^mals ; and we all recollect the animated manner in which Dr 
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Bucklasd attracted us, whilst he described the Megatherium 
as a huge beast, which, resting upon three legs, employed one 
of its long fore-hands in grubbing up whole fields of esculent 
roots ; a habit which procured for it the significant popular 
name of " Old Scratch." 

Dr Lund, a Danish natmralist, had conddered the Mega- 
therium to he a scansorial or climbing animal ; in short a gi- 
gantic Sloth, After a multitude of comparisons, Professor 
Owen rejects the explanation of his predecessors. He shews 
that the monstrous dimensions of the pelvis and sacrum, and 
the colossal and heavy hinder legs, could never have been de- 
signed, either to support an animal who simply scratched thd 
earth for food, or one which fed by climbing into lofty trees, 
like the diminutive Sloth ; and he further cites the stmctore 
of every analogous creature, either of burrowing or climbing 
habits, to prove, that in all such the binder legs are compa- 
ratively light. What, then, was the method by which these 
extraordinary monsters obtained their great sapplies of firod ? 
The osteology of the fore-arm has, it appears, afforded an- 
swerswhichare valuable, chieflyfor their negation of erroneous 
conjectares, such as that the animal was an ant-eater, rather 
than for the habits which it directly elicits. It is, therefore, 
to the organization of the hinder limbs that Professor Owen 
mainly appeals to ascertain the functions of the fore-feet and 
the general habits of the Mylodon. 

Arguing that the encomous pelvis must have been the centre 
whence muscular masses of unwonted force diverged to act 
upon the trunk, tul, and hind-legs, the latter, it is supposed, 
formed with the tall a tnpod on which the animal sat. Pro- 
fessor Owen supposes that the animal first cleared away the 
earth from the roots with its digging Instruments, and tiiat 
then seated on its hmder extremities, which with the tml are 
conjectured to have formed a tripod, and aided by the extra- 
ordinary long heel sa with a lever, it grasped the trunk of the 
tree with its forelegs. Heaving to and fro the stateliest trees 
of primeval forests and wrenching them from their hold, he 
at length prostrated them by his side, and then regaled him- 
self for several days on their choicest leaves and branches, 
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whioli tin then had beau far beyond rwich. After shewing 
.(iitt from the natural invergion of the hind-feet the Mylodoo 
approached to the BcaDSorial animals, and thence inferring 
that it might have had climbing powers neceasaril; much 
limited by the other parts of its frame, Professor Owen states 
that the inrersion of the soles of the feet is least conspicaous 
in the Megatherium, whose balk and strength would be ad- 
equate to the prostration of trees too large for the efforts of 
the Mylodon, Megalonyx, and Scelidotherium. - The Mega- 
therium, in short, was the mighty tree-drawer, and had there- 
fore no need of the adventitious aid of any climbing appara- 
tus. Allow me to add, that, amongst other reasonings, those 
'd'hich lead to conclusions that one class of megatherioid ani- 
mals was fumiefaed with a hairy coating (like the Mylodoo), 
whilst another, like the great Megatherium, was devoid of it, 
as evidenced by slight modifications of the bony strueture 
of the hind-feet, appear to me to be not the least original 
and interesting. 

Wholly incapable, as I am, to do justice to this masterly 
inquiry by the necessarily brief allusion which is imposed upon 
me by the nature of this discourse, I shall best execute my 
task io quoting the words with which Professor Owen sums 
up bis reasoning. 

" On the Newtonian rule, therefore, this theory has the best 
claim to acceptance ; it is, moreover, strictly in accordance 
with, as it has been suggested by, the ascertained anatomy of 
the very remarkable extinct animals, whose business in a for*- 
mer world it professes to explain. And the results of the fore< 
going examination, comparisons and reasonings on the fossils 
proposed to be described, may be summed up as followa. All 
the characteristics which exist in thd skeleton of the Mylodon 
and Megatherium, conduce and concur to the production of 
the forces requisite for uprooting and prostrating trees ; of 
which characteristics, if an$/ one tcere tvatUmg, the effect could 
not be produced : this, therefore, and no other mode of obtain- 
ing food, is the condition of the sum of such characteristics, 
and of the concourse of so great forces in one and the same 
apimal.'' 
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This, ^ntlemeo, is the true Cuvierian style, in which, u 
to numberless parts of hta works, Profesaor Owen hu conti- 
nued to breathe out th« very spirit of the founder of palmcw 
tological S(»enc6. 

It is by such labours that geology is st«adUy gaining a high- 
er place among the sciences. Comparative anatomy has tmly 
been onr steadiest auxiliary, and well may we do hononr to 
those who impart to us such truthful records ; for, whilst the 
histories of the earlier beings of our own race are shrouded in 
obscurity, whilst the first chronicles of ancient Borne and 
Greece are now admitted to be exaggerated, and often evea- 
fabulous, we turn back the leaves of far more antique lore ; 
and, not trustiDg to perishing inscriptions, mutilated by suo- 
oessive conquerors, and assuming a hundred meanings under 
the eyes of doubting antiquaries, we appeal only to the proofs 
in Nature's book, and find that their reading is pregnant with 
evidences which must be true, because they are founded on 
onerring general laws. 

6. The chief aim of the Qeological Soeiety <}f London.— Th6 
chief aim of this Society faasbeen to gather sound data for classi- 
fication ; and, followingout this principle, I have endeavoured to. 
^ew, how the order of succession established in our own isles, ia 
now extended eastwards to the confines of Asia, and westwards 
to the back-woods of America. From suoh reseurches, and 
by contribations from our widely-spread colonies, we hare at 
length reached nearly all the great terms of general corn- 



Besides ascertaining where the great mnssea of combustibie 
matter lie, we can now affirm, that, daring the earliest period of 
life, conditions prevfuled, indicating a prevalence orw enor- 
mous spaces — if not almost universally — of the same climate, 
involving a very wide difihsion of similar inhabitants of the 
ocean. We have learned, that, in the earliest of these stages 
of animal life, no vestige of the vertebrata has yet been found ; 
whilst in the sacceeding epochs of PalesozMc age singular fishes 
i^pear, which, in proportion to their antiquity, are more re- 
moved from all modem analogies. In each of these early and 
long-oontinQed periods, the shells preserving on the Whole a 
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community of character, differ from each other in each diri- 
sioQ — and in that later formation, where a very few only of 
tlie same types are visible, they are linked on to a new class 
of beings, the tint created of those Sanrians, whose fizistence 
is prolonged throughout the whole Secondary period ; whilst 
We have this year Been reason to admit, Hiat even birds (some 
of them of gigantic size) may have been the cotemporaries of 
the first great lizards- With the close of the Palteozoic ma 
we have also observed a gradual change in the plants of the 
older lands, and that the rank and tropical vegetation of the 
Carboniferous epoch is succeeded by a peculiar flora. In the 
next, or Triassic period, we hare another flora, whilst new 
forms of fishes and mollusks indicate an approach to that pe- 
riod when the seas were tenanted by Belemnites and Am- 
monites, marking bo broadly these secondary deposits with 
which British geolo^sts have long been familiar, and which, 
commencing with the Lias, terminate with the Chalk. And 
lastly, from the dawn of eating races, we ascend through 
succeBsive depouts gradually becoming more analogous to those 
of the present day, ontil at length we reach the bottoms of 
oceans so recently desiccated, that their shelly remains are un- 
distinguishable from those now associated with Man, the last 
created in this long chain of animal life in which scarcely a 
link is wanting t — all beq>eaking a perfection and grandeur of 
design, in contemplating which we are lost in admiration of 
creative power. 

Such results, grand as they are— nothing less in short than 
the records of creation — are, however, but a portion of the 
labours of geologists. They have also struggled to explain 
die causes of those great revolutions. In some continents, it 
is true, the pages in the book of Nature are, as it were, unruf- 
fled ; for, by whatever agency effected, it is certain that beds 
of vast ancient oceans have been so equably elevated and de- 
pressed, and again so steadily elevated from beneath the sea, 
that the continuity of their rocky desposits over areas larger 
than our kindoms of Western Europe is imbroken, and their 
original condition almost entirely preserved. In other regions, 
on the contrary, the sediraents in the sea and the masses of 
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tie land have been pierced by numerous ont-bnrsts of igneons 
and gaseous matters, accompanied by vblent oscillations and 
btedis, whereby the chronicles of succession have been sore- 
ly-de&ced, and often rendered more illegible- than the most 
carbonized of the piqtyri found under the lara of VesuTius. 
Nay, so intensely has this metamorphism operated, that obli- 
terating all Tcstiges of former life, and concealing them from 
VB, we have been sorely puzzled to ascertain by what power- 
ful physical agency such mighty changes can have been ac- 
complished, — changes by which the strata have been convo- 
luted into forme grotesque as the serpent's coil, inverted in 
their order, or shivered into party-coloared and crystalline 
fragments. And yet in these broken and mineralized masses, 
as another branch of our science teaches, are found the pre- 
cious ores, and the metals most useful to mankind. 

Such complicated relations and such changes in original 
structure call f<vth the application of the highest powers of 
physicalstsence; and not only involving the ^ency of that great 
central heat, to which geologists have willingly referred, but 
also invoking the aid of agents, some of them still mysterious, 
by which electricity and magnetism are bound together in the 
cycle of terrestrial phenomena. To few of us is it given to 
venture with firm steps into that region ; and. though I hope 
to live to see some of these questions answered, I am well sa- 
tisfied to have been among you when such solid advances 
have been made, in deciphering the mutations of the surface 
of the earth, and in the compilation of a trne history of its 
earlier inhabitants. 



Notices of Earthquake-Shockt felt in Great Britain, and espe- 
cially in Scotland, witi inferences suggested by these notices as 
tothecausesoftlie Shocks. By David Milnb, Esq., F.R.S.E., 
M.W.S., F.G.S., &c. Communicated by the Author. 
(Contmaed from Vol. SXXIV. page 106.) 

Having deBoribed in detail, the impressions produced in 
different parts of Scotland, by the shock of an earthquake felt 
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on 23d October 1839, and Bome of tlie most Btriking circum- 
stances which accompanied it, we shall now shortly notice the 
resalts which seem dedncible from these details ; and then pro^ 
oeed in noticing the shocks which snbseqaently occurred. 
. 1. The shock in qoestion wag felt thron^oat tivo-thirde of 
Scotland. The southern limit of the region afiected, was 
nearly coincident with a line drawn from the Solway to the 
month of the Tweed. Its northern limit was as nearly coin- 
cident with what is known as the Great Glen of Scotland, viz. 
along the course of the Caledonian CanaL The shock was 
felt on the east and west coasts, at places comprehended be- 
tween the southern and northern limits above d^cribed. 
. 2. Throughout the whole of the region so affected, the 
shook appears to have been felt limultaneouify, or at least so 
nearly so, tJiat it is impossible to discover any appredable in- 
terval between the observations of the shock in different 
places- 
Little dependence, however, can be placed npon this infer- 
ence, in oonseqaence of the impossibility of trusting to the or- 
dinary clocks and watches, by which the observations were 
made. 

3. The shock was not felt cyerywhere, with the etmie degree 
of intentitg. It was greatly more severe in Comric, and the 
immediate neighbourhood of that village, than in any other 
part of Scotland, — the extent to which walls were rent ox 
thrown down, and the loudness of the attendant noise, being 
incomparably greater there than any where else. 

The intensity of the shocks, at other places, was not in pro- 
portion to their distance from Comrie. Thus, in Aberdeen- 
shire, at places exceeding 100 miles &om Comrie, the shock 
exhibited much more violence than in the Lothians, though 
only half as distant. The lines of equal intensity appear to 
have formed ellipses, of which Comrie is the centre, and of 
which the longer diameter is about NE. and SW., or parallel 
with the chain of the Grampians. This circumstance may 
probably be accounted for, by the geological structure of this 
part of the island. If the shocks were caused by vibrations 
transmitted through the earth's crust, they would be trans- 
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mitted best where the strata were solid and eontinuous. The 
piimitiTe and igueoos rocks, forming CQutiauouH ranges tyi hills, 
running NE. and SW., wouhl facilitate the transmission of 
.the shocks in these direetioDS,— -whilst the secondary formar 
itions deposited on the sides of these mountain-chains, would 
obstruct the transmission in opposite directions. 

4. The shock waa produced by a movetneta of the ground, 
which, in some places, especially near Comrie, consisted of 
several distinct and succesaiv e undulations, followed by a ge- 
neral quavering, " shuddering," or iremblemenl de t^re, but 
in more distant places, of a tremblement only. 

Eight of the accounts before given bear, that the shock 
consisted of two undulations, each accompanied by a loud re- 
port or subterranean explosion. Six other accounts bear, that 
there were three undulations. There is one which bears, that 
as many a&four distinct roclungs were perceived. 

The height to which the earth's surface appeared to be 
rused by the abock, was attempted to be estimated by some in- 
dividuals, — though only of course as matter of impression or con- 
jecture. Thus, itwas thought, bypersons at Comrie who felt the 
shock, that the ground was elevated 6 or 8 inches ; and in the 
Carse of Falkirk, 4 or 5 inches. At Callendar, Dr Fogo thought 
the house was raised " with a violent jerk, 6 or 8 inches from 
the ground." Dr Stein of Menstrie, near Alloa, says, that his 
servant thought the kitchen was lifted " up from 2 to 3 inches." 

The angle made by the wave with the horizon, appeared to 
be at Alloa 1° 18', and in the Carse of Falkirk 3° 47'. If, as 
an average, the wave is supposed to have been 5 inches high 
at its apex, and to have sloped on its anterior and posterior 
surfaces at an angle of 2i degrees to the horizon, the breadth 
or base of the wave would have been rather less than 20 feet. 
But the ohservati<Hi8 from whiph these results are deduced^ 
were so few and so casual, that no great value can be attached 
to them. 

That there were undulations formed by the shock, is indu- 
bitable. On this point at least, full reUance may be placed on 
the concurrent sensations of numbers of individuals, several of 
^m ezperienoed qaval officers, who attest the fact of there hav- 
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ing been a heave which lifted every thing upwards and for- 
wards as in a ship at sea. Indeed, on no other supposition b it 
possible to account for the different effects produced on walls, 
— those rent vertically, being generally at right angles to those 
which were rent horizontally, and which last leaned or tumbled 
over. 

One intelligent observer at Crieff (Duncan Brewster), gave 
to the author the following explanation of bis sensations. He 
felt himself first moved eastward from 1 to 2,— ~then back to 
3, — and.laetly, from3 to 1. 



WEST.I 1 ]EAST. 

5. Afoutufaccompanied themotionoftheearth. AtComrie 
it is said to have been " indescribably terrific ; that of water, 
" wind, thunder, discharge of cannon, and the blasting of rocks, 
^' appeared combined'' in it. At a place half a mile east of 
Crieff, the shock of 12th October 1839 was accompanied by 
" a loud explosion, as if from a ten-pounder at a mile distant." 
At Lawers (li mile east of Crieff), the noise on 23d October 
1839, " was exactly like the nearest and loudest peal of thun- 
der ; only, instead of being over head, it seemed to rise up 
immediately under the hoase.'' At Dunira (3^ miles west of 
Comrie), the noise on the 12th October 1839, is described as 
" most tremendous, — not unlike the blowing up of a magazine." 
At Monivaird (4 miles east of Comrie), the noise on 23d Oc- 
tober 1839 is said to have been " a loud roar, like tliat of the 
blast-furnaces in a large iron-work." At Crieff, on the same 
occa^on, the noise is stated by one observer, to have been 
•' tremendous ;" and, according to another, " was as loud as if 
' a sixty-pounder had been discharged at the bottom of a coal- 
" pit, 300 or 400 yards away." This same observer adds a 
most remarkable fact, — " Immediately after the shock, I got 
" out of bed, and, on looking from my window, beneath which 
" were a number of trees, I observed that their branches were 
•' all bent towards the eaat, as if a strong gale were blowing 
" on them. I looked till they recovered their erect position, 
" after which not a leaf moved. During the time, I heard a 
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*• hollow tu^ in the air, resembling the draught of a furnace, 
*' — ^this contiDned about 20" after the concussion." 

In most of the accounts from the immediate neighbourhood 
of Comrie, it is not expressly stated, whether the noise or ex- 
plosion was in the earth or in the air. But in the accounts 
from places more dbtant, it will be seen, that notice is tahen 
of a sound in the air as well as in the earth. The Rev. Mr 
Coventry compares the former to " a rushing mad (though 
the air was perfectly still at the time), accompanied by a noise 
as if of cattle or horses running rapidly past the windows." 
" Besides these, and following them, there was heard a rum- 
bling noise, as if of carts on a pavement, but more hollow in 
the sound. This tatter sound was in the earth." So also, Mr 
Syme, the SherifT-substitute of Kinross, says, that " the shock 
was preceded by a hoarse mshing noise, something like the 
wind among trees. It continued for 15" or 20". It was not 
as loud as thunder in general, though not unlike distant 
thunder." A correspondent at Alloa states, — " The first cir- 
cumstance that attracted my attention was a sudden and vio- 
lent gust of wind, accompanied with a more than ordinary 
rushing noise. The gust of wind and rushing noise preceded 
the shock .^' 

This aetial sound was perceived to accompany most of the 
other shocks m October 1839. Thus, on the 9th October, 
Mr Buchan speaks of the " sound, which, as formerly, some- 
what preceded the shaking ;" and he describes it as "some- 
what resembling one of those winds called harkening winds." 
On the 12th October, the two shocks felt at Comrie on that day 
." were accompanied with a noise resembling a mixture pro- 
duced by the rush of the strong wind and the peal of distant 
thunder." On the same afternoon, a third shock — the most 
severe of the three — " was accompanied with a noise which at 
first resembled the murmurings of distant waters. This con- 
tinued increasing iu intensity for about 2" ; and then followed 
a very loud and terrific sound, resembling that of a doable 
shot for blasting rock, immensely charged." Aperson on the 
hills north of Blairgowrie, just before feeling this last-men- 
tioned shock, " heard a noise, as if of a large covey of muw- 
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fowl fiying at a little distance from him." — " Finilkig that it 
continued, and seemed approaching him, he stood still, lean- 
ing on his fishing-rod, to observe the phenomenon, and heard 
the Bonnd distincti; approaching, until it seemed to surround 
him, when he felt the ground tremble under him." "Ht 
states the sound as resembling the sonnd of muir-bum ; or the 
rattling, crackling, and hissing noise made by a large extent 
of heather on fire," 

From these accowits, it is plain that there are connected 
with the earthquake-shock, sounds both in the earth and in the 
air, and which are apparently quite disdnot and independent. 
It is true that the noise generated in the eartfa mtut produce 
some effect on the tur, otherwise it would not be heard ; and, 
therefore, it may be thought that this explains the perception of 
a noise in the air. But this would be an erroneous inference. 
If the sound generated in the earth is distinctly perceived to 
come from the earth, it cannot be confounded with any aerial 
noise ; and it is impossible that the ear should raake a mistake, 
in regard to the place from which the eonnds proceed. If 
this be the case when the sounds are similar, much more must 
it be the case when they are so dissimilar, as the subterranean 
and the aerial soonds above described appear to be. 

The next question is. What is the catae of this two-fold 
sound? 

It is stated in almost all the reports, that the noise pre- 
cedes as well as follows the movement of the ground ; that 
it gradually dies away ; the moment of greatest loudneiia 
coinciding with the moment of greatest movement in the 
ground. 

It may be inferred from- this, that what produces the 
movement in the ground produces also the sound in both the 
earth and air. The former sound may be accounted for 
merely by the commotion of the strata of gravel and soil 
caused by the shock. But how can the sound or report heard 
in the air be produced \ What is the particular agent which 
produces Ae undulations of the earth's surface, and which, 
when passing into the atmosphere, produces the peculiar noise 
heard there \ A. satisfactory answer to this question would 
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probably go idx to explain tbe cause of earthqugke-shooks, at 
least in non-volcanic countries. 

But it is better to abstain irom speculation on tbiB point, 
tintil the results of other observations, no less material, have 
been considered. 

6. It is very plain tbat the earthquake-thoeka described in 
the foregoing reports, were manifested in their greaiett inten- 
sity at Comrie, and its immediate neighbourhood. 

There was there greater injury to walls, more displacement 
of furniture, more loudness and longer continuance of sound, 
more frequency of shocks, than in any other part of Scot- 
land. 

In one sense, tbe shocks may be said to have originated at 
Comrie, seeing that, at all other places, without exception, 
where motion was felt or sound heard, both the motion and 
the sonnd were perceived to come from that neighbourhood. 

But it is an incorrect form of expression to say, that the 
abodes originated at any point on the earth's surface. It is 
plain tbat they emanated from a point in the interior of the 
earth, below Comrie, or its immediate neighbourhood. This 
inference is deducible from those observations which shew, that 
at Comrie the dock was felt to come perpendicularly up ; and 
that, at other places, it was felt to come up in a slanting di- 
rection. 

Thus, at Comrie, one person says of the shock on 33d Oc 
tober 1839, " I felt the shock strike the ground perpendicu- 
larly under my feet three times, like the stroke of a ponder- 
ous hammer ; and, as far as I can guess, lifted the ground 6 or 
8 inches.*' Another observer, who was half a mile west af 
Comrie on the I4th October, says, " I felt myself lifted, or ra- 
pidly heaved np and down." 

At Blairmore, 10 miles NE. of Comrie, an observer, who 
felt the shock of 23d October, says that " it produced a sudden 
and fearM heave apwards, with great unsteadiness or qua- 
vering motion, and immediately an equally sudden motion 
downwards, when all appeared to rest as before. Tbe force 
by which the upward motion of tbe earth was occasioned did 
not appear to me to act exactly perpendicnlarty, but rather in 
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a tiantin^ directioa ;" and he accordingly afterwards described 
it as " the angular jolt or roll iq)warda." 

These differences in the direction in which, at different 
places, the shock came upwards to the gurface, are all quite 
intelligible, on the hypothesis offered in a previous part of this 
memoir,* that it is the effect of a vibration transmitted through 
the crust of the earth, and they serve, therefore, to confirm 
the correctness of that hypothesis. 

On the same hypothesis, an easy explanation is afforded bf 
a number of other facts, to be found in the reports before 
quoted. Thus,.the clattering of slates on house-roofs, would 
be produced by the transmission of vibrations upwards 
through the earth's strata and the solid walls of the building. 
The projection of masses of rock from the south ' slopes 
of the Ochils, Damiat, and Castle Rock of Edtnbur^ (all of 
these places being to the south of Comrie), is, on the same 
principle, quite intelligible. For the same reason, at places 
situated east of Comrie, the eeut gables of houses were neces- 
sarily the most damaged, — whether by being rent horizontally, 
or by being made to lean over towards the east : — ^the west 
gables, by abutting against the front and back walls, were 
much better able to withstand an impulse fi-om the westward. 
Hence, also, the general violence of the shocks was more felt 
by people in the upper, than in the lower flats of houses. 

In a great number of the reports, it is remai'ked that the 
undulations were most striking in carse or alluvial grounds, 
though the accompanying noite was not so great there as in 
rocky ground. If the noise alluded to, be that produced in the 
earth, it is obvious that there would be none where' there Were 
no materials capable by attrition of producing noise. With 
regard to the undulations, they would obviously be more easily 
formed in places where the materials were flexible, and thus 
capable of yielding to impulses from below. 

7. Among the accounts of the shocks which occurred in 
October 1839, there will be found observations of some ano- 

• See Ea. Phil. Jouin. vol. XXXI. p. 276. 
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nmlous phenftmena,. chiefly of a meteorological character, and 
appu^ntljr connected with these shocks, whidi it is proper not 
to lose sight of. 

(1.) There is the circomstance mentioned hy Sir John 
Maosel, that, on the morning follon-ing the great shock of 33d 
October 1839, some linen clothes were fonnd entirely covered 
with a black pomder. This circumstance is interesting, on' 
account of a ^milar powder which, on several occasions, both 
befcnre and afterwards, was observed on Loch Erne, and the 
adjoining country. 

The previous occasion* on which this black powder ms ob- 
served, has been already mentioned. It may be oa well to. 
notice in this place other occasions, when it was again re- 
marked, and to mention the result of an examination of it 
which Professor Traill kindly nndertook, 

A few days before the 23d October 1839, some boatmen on 
Loch Erne observed on the sor&ce of the water, a scqm as 
black as ink, which rendered it unfit for domestic use. 

In November 1839, there fell over the district at and near 
Comriei a powder blacker than soot, and which defiled Unen 
clothes on the hedges. Dr Forbes, a medical practitioner at 
Comrie, informed the author, that he had seen this powder at va- 
rious places, particularly on the public road opposite to Dunira, 
where it was in considerable quantity. A good deal of rain 
had fallen shortly before Dr Forbes observed the powder, 
and in some parts of the road he observed the powder floating 
on the pools of water. 

On the 23d Febmary and 2d March 1841, a quantity of black 
powder was observed on Loch Voil and Loch Erne, as shewn 
by the following letters irom Mr Stevrart of Ardvoirlich. It 
may be mentioned that Ardvoirlich is situated on the south 
bonk of Loch Hme, near the west end, and about twelve miles 
west of Comrie : — 

"AxDVOiBLioB, \nilartk lUI. 
" Dbab Six, — On Tuesday morning last Mr Macdonald of 
Cragnie observed a black tcum, which he mentioned to you 

• VoS. uzi. p. 121 aaA S93. 
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here, he had firequently sees on Loch Voil. He Eolleeted two 
bottles Of it, which lie requested I would fwward to you. Mr 
Macdonald observed it first at the west end, and then in se- 
verftl places fdong the shore. He described it ae having an 
oiljr appearance, and diining on the auri^e of the water, and, 
when thrown out by the waves, formed bubbles like soap- 
bnbblea. When he put his hand in it, it made it quite black. 
It has erety appesratice of being the same substtftice as ap- 
peared on Loch Erne in February 1837. There had been no 
rains for five or six days previously, and there being but little 
snow on the hills, the hill-streams were not in the least 
swollen, 80 that it could not have come into the Loch in that 
manner. On the morning on which Mr Macdonald observed 
it, Uiere was a slight firost, and the morning was very calm, 
and a thick f<^ hung over tJie loch till towards noon ; after 
that, a breeze of wind sprung up, and the scum was soon dis- 
peUed. 

" We hare fblt no earthquakes in this quarter this season. — 
I rMi&ia, Dear Sir, yours very truly, 

" RoBUi Stbwam.'' 

" AftOTOiBLicB, SOfA Augmt 1841, 
" Mx DBA.B Sib, — Ab to the scum found on the Lochs in this 
neighbourhood, I must say that I have not been able to ateer- 
tain that the black powder was ever seen but on the surface 
of the Lochs, although I certdnly heard it alleged in 1837, 
when it vras first observed on Loch Erne, that some clothes 
which had been left out all night, had been soiled by some- 
thing which had fallen on them ; but I do not think that this 
is well authenticated. 

"In reply to the second query, I may mention, that I think 
the very day after I sent off the Loch Voil water to you, I 
observed a small quantity of the scum on Loch Erne, near 
the east end. I was then on my way to St Fillans, and in- 
tended on my return, to procure a vessel for securing some of 
it ; but before I returned, a strong breeze of wind had dissi- 
pated it, and I have heard of none being seen since. I think 
I mmtioned to you, when I sent you the scum firom Loch 
Voil, that it was obftorved on a very calm morning. The day 
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do whi^ I obserred it on Loch Earn, ^ras also TH^ caltd ill 
the moniing, attended with a thick haze on the Loch- 

" Should I hear or see any more of tlte powder in any shape 
I shall endeavour to pt-ocure it, and send it to yon^ 

" I happened, unfortunately, to be at Perth on the 80th July, 
snd -wis not myself sensible of the shock on that day. It was 
distinctly felt here ; but it was not so serere as the shock in 
October 1839, althon^^h all concur in saying that it eontinued 
longer. Some describe the sound as appearing to have 
travelled from south-west to north-east. I would be inclined 
to infer also, from the accounts I have received from different 
persons, that this one was more sever^y felt on the htghei" 
situations than on the lotter.^^ 

One of the bottles mentioned in Mr Stewart's first letter, 
containing the powder from Loch Voil, was given to Frofessw 
Traill ftr chemical analysis. His report is in the following 
letter :— 

" 10 AuTR Flacb, lse& AjigitH IMI. 

" Mt Dsak SiR,-7-0n carefoUy evapwating, % agentleheat, 
eight fluid ounces of the water of the loch, it left behind 
a black residuum, which, when thoroughly dried, weighed 
4.48 grains— ^o that each English pint may be considered 
as containing nine grains of black matter. This, when che- 
mically examined, appeared to' consist chiefly of carbon, 
with minute portions of argil and silica, and, I think, a trace 
of iron ; but having mislaid the note of the relative quanti- 
ties, I am unable to give them accurately — and I intend, early 
next winter, to repeat the analysis, if I do not recover my 
notes. 

'* The black matter is in a state of extremely minute division, 
for it took several months entirely to subside, leaving the 
water of a very pale wine colour, and transparent. The black 
matter attached itself to the sides of the containing glass-vessel, 
so as to give the contained fluid an inky hue. The greatest 
portion had subsided to the bottom, and the fluid itself was of 
the colour above mentioned when drawn off. 

*' The origin of this dark matter is rather puzzling. Were it 
only seen after heavy rains, it might be supposed^ owing to 
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Vater charged with the finer particles of decayed vegetables 
from the adjacent peat-bogs. 

" The li^t pulverulent appearance of some of the floating 
particles, would incline one to suspect that it was the product 
of combustion. The extent of the phenomenon, and its oc- 
curring at different seasons, will scarcely admit the practice 
of burning the heaths as the cause. It is true that the car- 
bonaceous particles might be lodged on the moors for some 
time, and transptffted by high winds a considerable period 
after the burnings, 

" Can it be the product of any species of tublimalion, caused 
by subterranean heat t Its frequent occurrence in a district 
so often shaken by earthquakes, which has so evidently S3'mpa- 
thized with remote volcanic action, would rather &vour this 
hypothesis. 

" The volatilized carbon might find its way, on the wings of 
gaseous emanations, through fissures too minute to afibrd the 
phenomena of smoke ; and the source of the internal heat 
might be too distant to give rise to any other volcanic phe- 
nomenon.^! am, my Dear Sir. very truly yours, 

"Thos. Stewakt TaAiLt.', 

" David Milne, Esq." 

In regard to the origin of this black powder, it would he 
perhaps premature to form a very decided opinion till the re- 
lative proportions of carbon, ar^l, silica, and iron, existing init, 
have been communicated. That it comes from the atmosphere, 
however, seems already quite clear. That it is not derived 
from the smoke of houses or muir-burnings, seems also to be 
made out. May it not be derived from the surface of the 
ground, the finer particles of which are, it is well known, very 
frequently carried up into the atmosphere by whirlwinds, and 
even by evaporation only ? 

In the Comptes Kendus for 1841, two occasions*^ are men- 
tioned, when, first at Vemet (in the eastern Pyrenees), on the 
17th February 1841 ; and second, at Genoa on the 18th Feb- 
ruary 1841, rain fell, charged with dust : and it is a remarkable 
coincidence that, on the last of these occasions, there was an 

• C. E. p. 62 and 218. ,-, , 
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earthquake-shock. It is stated in this last a«count that the dust 
fell, not only on the day of the shock, bat on that preceding and 
on that following it ; and that for abont a month prerionsly, 
there had been an enormons qnantity of rain, and a very low 
barometer. The dust which fell, both at Vemet and at Cre- 
noB, was analyzed, and found to consist of the iBgredients 
cinnposing the porphyritic rocks of the country, the quantity 
of each ingredient bearing a tolerably near proportion to the 
relative quantities in the rocks tbemselTes. 

The opinion mentioned in the Comptes Rendus, as enter- 
tained by those who made the analysis and attended to the 
phenomenon, was, that by a " trombe d'eau," or some such 
phenomenon, the debris of the rocks had been carried up into 
the atmosphere in a state of nunute division, and then brought 
down by rain. Is a similar explanation not applicable to the 
black powder which falls in the niountiunous districts of Perth- 
shire! The clay-slate formation undoubtedly possesses all 
the elements except one, of which Dr Traill found the powder 
to be composed ; and this one element, viz., carbon, which is 
not in that rock, may readily have been derived from the peaty 
covering of the hills. How these particles were carried up 
into the atmosphere, it is not difficult to conceive ; for, beades 
the suction of an ascending water-spout, as sni^ested in the 
Comptes Itendos, there must be often in these mountainous 
regicms, whirlwinds or eddying currents of air quite capable of 
carrying up earthy matters ; and, indeed, the mere effect of 
evaporation from the soil would be sufficient for that purpose. 
If these views be correct, there is no connection, at least of 
a direct nature, between the falling of the black powder and the 
occurrence of earthquake-shocks in Perthshire. It is true 
that water-sponts and whirlwinds are connected with sudden 
changes in the electrical state of the atmosphere ; and thus 
there may be a remote connection between these phenomena 
and earliiquake-shockB, if the latter are attributable to elec- 
tricity : but this is a point which has not yet been established. 

(2.) The next circumstance deserving notice, is a peculiar 
mtell or odour, which was perceived by many persona at or 
about the time of the earthquake shocks in October 1639. 

Thus, Sir John Mansel, who felt the great shock of 23d Oeti 
1839, in Comrie House, says, that, towards the tenninatitn 
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flf it, <* therfl was a atning amell of & oombination <£ a salpbu- 
i«oaB aad raetallic air emitted through the floor." At Kin- 
goBsia, K there was a snlpbureoiia smell at the tinie pf th^ 
shock, which was most distinctly felt b; the Rev. Mr Shep- 
herd, who went out almost immediately after the shook, and 
eailed Mrs Shepherd, who felt it very strong." " It was also 
perceived about twelve miles farther ap the river (Spey), by 
persona, «fao describe it ae having the smell of the washings 
of gmis.'" At Woodcot) near DoUar, Mf Walker eays, that 
" The weather on the day of the shock, aad alsp tbe one pre- 
ceding it, was uncommonly calm — ^vory foggy towards even- 
ing, and the air at that time felt much wanner than the de- 
gree of heat indicated by tbe thermometer ; and I thought 
(but it may have been &noy), that there was a peculiar odour 
perceptible. In 1834, when at Lisbon. I perfectly reci^ect 
having remarked tbe same thing." 

On making enquiry as to this odour, when he visited 
Comrie shortly after October 1839, the author found that it 
bad been remarked by various individuals, on several difl'erent 
eeoasions during that month. But he could obtain no very 
precise information as to the nature of it. It will be observed 
ftom tbe letter of Mr Cameron, the parochial schoolmaster of 
Comrie, before quoted, that he at first discredited the state- 
ments of individuals as to their having perceived a smell. He 
says, that " There was a sulphureous smeU perceived, which 
was supposed to come off the river : but several persons, 
at a eonsiderable ditumeejritm the river, were sensible of it. 
Though I heard of many who said tiiey perceived this, I would 
BOt believe it, till one evening Mrs C. was standing at the 
water-ed^, and wishing to convince me of its reality, asked 
me to go to the water-edge. I did so, and I must say that 
tbe smell was so strong that it could not be mistaken. It was 
a little after sun-set, and the evening having suddenly turned 
to intense froet, the whole course of the river could ^e traced 
from a distance, by a sort of vapour or mist tbat arose irom 
it — ffiost favourable for giving out any effluvia." 

Mr Colquhoun of Glatheck, also assured the author that he, 
had, on tbe 33d October, perceived the sulphureous smell ; and 
be heard that it had been taken notice of in Glcnleduook. as 
well as in other parts of Stratherne. It is, in thase oiroom- 
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stances, very difficult to doubt the exiatenoe of t ■miill or 
odour, oocuiring simultaneous!; with these eiirthqusk«-Bhoaki, 
attested as it is by so many reepectaUe individuala— miiny of 
them apart from, and independently of| each other. The only 
point on which reasonable doubt may exist is, whethw it had 
any connection with the shocbs. Mi^t it not haye baen pro- 
duced by some other, some aocideatal cause \ But it would b« 
a very coriona accident indeed, which caused the same tort of 
smell to be perceived in Stratherne, on the Spey, and on the 
south side of the Ochils, and many other places, all about the 
same time, and in such circumstances as to produce a cooTifr- 
tion in the observers, of its being somehow connected with the 
earthquake-shocks. Nor sboold it be foi^tten that a smell ox 
odour described as sulphureous, has been very frequently pep- 
eeived after lightning.. Nay more, means have recently bean 
disoovered, of producing precisely the aame odoor hy electrioal 
action. Professor Schonhetn of B^e, in a Memoir pnhlifdied 
in the Transactions of the British Association for 1840,* de- 
tails a number of experiments on this sabjeet, ahewingr that 
water, when decomposed by electricity, gives out the odour 
above referred to ; and he expnessly states, that when it is f&hi 
oeived after a Sash of lightning, it is owing to the deoompowT 
tion of the vapour of moisture in the atmo{^>hcre. 

If, then, it should iq>pear, in the eourse of farther invwH 
tigatiena, that, during the occurrence of earthquahe'ShockSi % 
latge supply of electricity really passes from the efu^h intcn th« 
atmosphere, we shall cease t« wonder that fi sulphvireoua small 
was perceived, when the shocks in Scotland were meet frequmf. 
«ed severe. 

(3). In many of the reporte which have been quoted, notjee 
is taken of impressions still more peculiar, as ooatteoted with 
the eartfaquake-shocka. 

A feeling oinattaea was experienced by manyindividual^ wd 
which is variously described as resembling " sea-sick^esK,"— :^ 
" sickness, like that felt before fainting" — " uneasy sensatieq, 
which I can compare only to the firet disagreeahle feeliqgswhieh 
usually precede a fit of sea-sickness,"';-^" a moat peonliar siek- 
ish sensation, such as I never i^lt before," 

• Ft«« 818. 
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■ Headaches were produced, as irtteatod by the Rev. Mr 
Waiker on the 13th October, by Mr Rutherford, W.S., on the 
lith October 1889, and by Mr Young of Crieff, on the 23d 
October 1839, all of whom ascribe these as the effects of shocks 
which occurred on these days. 

~ Kerroos sensations of a more indefinite kind are spc^n to 
by various individuals. On the 14th October 1889, at the 
moment that the shock occmred, an individoal, tbongh he was 
not aware of its occurrence, experienced " an unosnal feeling, 
which led him to suppose that some illness was impending." 
Mr Robertson, who felt the shock of 16th October at Glen- 
devon, on the north side of the Odiils, saj-s, — " I remember 
having just before, felt as if some strange presence had been 
silently gathering round me. and could not he shaken off." 
Mr Laurie, the parish; schoolmaster of Monzie, says, " the 
shock of the earthquake on 33d October, affected the nerve« 
disagreeably, and left' a painful ' impression. It reminds me 
vividly of the shock firom an' electric machine." 

The conviction of there having been an electrical discharge, 
was decidedly entertained by a number of individuals. Thus, 
at Alva, near Tillicoultry, two clergymen felt as if electri- 
fied. Mr Jeffrey, who felt the shock in the Carse of Falkirk, 
says, — " I may mention a circumstance which I have not seen 
taken notice of in any account of the late etvthquake, and it is, 
that I am convinced it was accompanied with an electric shock. 
I was perfectly calm and collected at the time when it came 
on, and never had any doubt of what it was, nor was I at all 
alarmed for the consequences. But the feeling produced upon 
my body, was exactly similar to what an electric shock has in 
other circumstances had upon me." Mr Stein, surgeon at 
Menstrie, near Stirling (in a report not before quoted), says, 
" I think the atmosphere (on the 33d October 1839) was 
highly charged with electricity, both before and at the time 
when the shock occurred." He speaks of " the slightly red- 
dened or lurid appearance of the atmosphere towards the S. 
and SE., particularly observable for several evenings preced- 
ing thft shock of the 33d. In the afternoon of the 33d, I ob- 
served this appearance so distinctly as to mention it. X^ter 
on in the evening, this appearance could not be observed, in 
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consequence of the misty and wet night which set- in here- 
abouts." He Bpet^ also, of his " own feelings, and those of 
several of my patients, in reference to headaches, nerroua ex- 
citement," &c., which he attributes to an electrical state of 
the atmosphere. 

Id regard to the electrical state of the atmosphere in Octo- 
ber 1839, it is of course impossible to draw any very certain 
inference. It is, however, remarked, in several of the reports 
beftve quoted, that the aurora borealis and shooting stars were 
more frequent than usual in September and October 1839- 
Farther, on the 23d October, as Mr Craigie of Dumbamie in- 
formed the author, " one of my family is quite positive she 
saw a flash of light during the shock ; but this was not ob- 
served by any of the others present." 

(4,) Every one who iias read the reports quoted in the pre- 
vious part of this Memoir, must have been struck by the fre- 
quent allusions made to the rainy state of the weather during 
the occurrence of the principal shocks in October 1839, and 
for some weeks previously. The Rev. Mr Walker of Com- 
rie says, that the flood in the river Erne on the 15tb Sep- 
tember 1839, was greater than any which had occorred for 
30 years ;* and the author has now before him reports by other 
inhabitants of the district, to the same efll'ect 

Knowing, however, that in matters of this kind there is 
much risk of mistake, the author has been at pains to ob- 
tain accurate information as to the quantity of rain which 
actually fell in different parts of Great Britain in 1839, and 
particularly in August, September, and October of that year, 
and also as to the quantity usual in the some places, shewn by 
the fall in previous and subsequent years. 

For this purpose, he obtained extracts from above twenty 
meteorological registers kept in the south of Scotland and 
north of England, and Tinth these he has compiled a table, 
shewing the average quantity of run which fell in each year 
between 1835 and 1842, inclusive. The following is the 
quantityt for each year, in inches : — 

* 8e« to), xxxii, p. 133. 

t The toUs ihowiiv thete resnlU ii omitted fivqi want of room.— Edit. 
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Years, 1835, 1836, 1837, 1838, 1839, 1840, 1841, 1842. 

Inches, 33.6, 42.9, 38.9, 25.1, 42.8, 37.1, 34.1, 23.1. 
Thus, it will be seen that, in the year 1839, a greater quan- 
tity of rain fell than in any of the four previooa years, or in any 
of the three which have followed it. The average quantity for 
the whole of these nine years was 30.1 inches, — whilst the 
quantity which fell in 1839 was 42.8, — being mqre than one- 
third of an increase. 

Farther, on comparing the quantity of rain which fell in 
the districts from which the above returns were obtwned, 
during the months of August, September, and October, it ap- 
pears that, whilst in 1839 there fell, during these three months, 
12.46 inches of rain, the quantity which fell in the same three 
months of the preceding year was 9.86 inches, and of the 
succeeding year only 6.73 inches. 

Mr Luke Howard, in his recent publication on the meteoro- 
logical character of the last eighteen years, in Great Britain, 
observes, that " the year 1839 was the wettest of the whole 
cycle, with the lowest barometer." The Rev. Mr Dunbar 
of Applegarth, in Dumfriesshire, who keeps a most accurate 
Meteorological Register, observes, in regard to the year 1839, 
— " Thequantity of rainis greater than has fallen any year for 
at least 13 years— the mean of that period being 35 inches," — 
whilst, according to his register for 1839, the quantity of rain 
was 43.29 inches. 

At Kinfauns,* near Perth, the seat of Lord Gray, where two 
rain-gauges are observed and registered with great accuracy, 
there fell, in two days only (viz. between the 22d and 24th 
October), no less than 1.88 inches of rain, being jV of the 
quantity for the whole year. The quantity of rain which 
fell there in 1839, was 32.23 inches. Now, according to a re- 
port by Dr Anderson, on the quantity of raint which falls at 
Perth (situated only two miles from Kinfauns), " the maximum 
" quantity of rain for a period of 16 years (previous to 1835), 
"is 31.01 inches." This corroborates Mr Luke Howard's 
statement as to the very rainy character of the year 1839. 



* Einjatui i) about 22 milea eut of Comria. 
t Biitidi An. Baports for 1810, p. 67. 
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These eztraots from registers verify, therefore, the ge- 
neral, or rather the universal remark, made by all whose ob- 
servations have been founded on, as to the unusually Utge 
amoant of water with which, for weeks or months previous 
to the commencement of the shocks, the earth was saturated. 

But here another fact, of very material importance, which 
forcibly arrested attention in Perthshire, must be specially ad- 
verted to. It was remarked, that, flooded as the rivers were, 
they were not so much flooded on the 23d October 1839 as 
might have been expected, considering the groat abundance 
of rain which had fallen. The Rev. Mr Walker adverts to 
(his circumstance in the passage of his report above referred 
to. The same was remarked of the river Airdle,* near Blair- 
gowrie, and of the rivulets at Dunira, two miles west of Comrie. 

It is also not a little remarkable, that in Perthshire and 
other parts of Scotland, wells and springs of water, were in 
the month of October, notwithstanding the quantity of rain 
which had fallen, in many places much diminished, or alto- 
gether dried up. In one of the accounts received, it is stated 
that " the water diminished more than one-half in the springs 
about Crieff." At Cawdor, in the county of Nairn, a pump- 
well went dry on the 24:th October, " A field" (on the farm 
uf Park, situated about 2 miles south of Nairn), which at this 
season was always covered with water, that could not be 
drained off on account of the granite, is now quite dry, and 
was ploughed a few days ago." At Inveragle House, near 
Elgin, the servants had, for a day or two after the shock, to 
go half a mile for water, in consequence of its disappear- 
ing from the well usually resorted^ to. At Ballin^ore on 
Loch Fine, a well went dry permanently, which always pre- 
viously had afforded abundant supplies. 

These facts are carious. It is true, that October is the 
month when, in Scotland, springs often diminish in quantity ; 
but this arises from the dryness of the weather which gene- 
rally occurs in that month and shortly before, — an explanation 
quite inapplicable to the year 1839. 
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Two facta, then, seem to be established : _firat, that a very 
unusual quantity of rain fell in the year 1839, and ef^ecially 
during the months of August, September, and October ; and 
second, that much of this rain must either have sunk down 
into the interior of the earth, or have reascended into the at- 
mosphere by rapid evaporation. 

(5.) Several of the observers, whose accounts have been 
quoted, and especially the Rev. Mr Walker of Comriei take 
especial notice of the fogs or mists which prevuled to an un- 
usual degree in Stratheme, when the earthquake-shocks pre- 
vailed in October 1839. And this circumstance, unimportant 
as it may at first sight appear, is interesting, on account of its 
being a common attendant on earthquakes. 

In proof of this remark, it is only necessary to refer to the 
remarkable fog which, for some months in 1783, overspread the 
whole of Europe, and part of Asia and America. " It was 
" perfectly dry, and did not deposit humidity. During its 
" continuance, the electricity of the sit was increased, and 
" there happened a great deal of thunder and lightning. At 
" that time, Mount Hecla, in Iceland, was in a state of enip- 
" tion ; and it is imagined that it had its origin from that 
" source.''* 

It will be perceived from the notices formerly given of the 
Lisbon earthquakes, and of the series of shocks felt at Chi- 
chester in 1834, that this phenomenon occurred in such a way 
as to create particular attention. 

(6.) It is proper to take some notice of the height of the ba- 
rometer at and preceding the time when the shocks occurred, 
in order to ascertain whether the atmospherical pressure was 
greater or less than usual. 

It is unfortunate that, in October 1839, there was not in 
Comrie or in its neighbourhood, any barometer, regularly ob- 
served and registered ; a want which has now been supplied 
by the liberality of the British Association, at whose expense a 
barometer, thermometer.and rain-gauge, have since been estab- 
lished at Comrie, and the indications of which are regularly 
recorded. It so happened, however, that whenever the great 

* BubertBon on tlie Atmotphere, voi. L p. 939. 
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■hock of 2Sil October 18S9 oeeorred, Mr Williamson of Lawers, 
bethought himself of instaDtlf examiaiDg the state of the ba< 
rometer. He found that it had &llen a whole inch unce the 
forenooQ of the same day when he had set it, — being an interval 
of ten hours. Struck with this circumstance, Mr Williamson 
continued for about two hours after the shock, that is, till after 
midnight, to watch the barometer. During that time it still 
continued falling, but after thai, it began to rise, and continued 
to rise all next day. 

The observation thus made by Mr Williamson is of import- 
ance, on account of its being made within two miles of the very 
spot where the shocks are most intense ; and it is fully con- 
£rmed by the returns obtained from more distant places. The 
following hourly barometric heights shew, that, at Kingussie, 
(about 60 miles north of Comrie, tuid 700 feet above tlie sea), 
the atmospheric pressure was least about 1 A.U. on the 34th 
October : — 
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At Inverness, the barometer, which is there also hourly re- 
gistered for the British Association, began to fall at 4 a. x. on 
the 23d October, and reached its minimum about 5 p. k., but 
had risen again only .044 when the shock was felt. 

The barometric registers kept at Dollar Academy (30 miles 
SE. of Comrie), and at the Cameron (50 miles SW. of Com- 
rie) which state the atmospheric pressure at a fixed hour every 
morning and evening, also agree in shewing that the barome- 
ter was lower on the night of the 23d October than it was 
in the forenoon of that day, or for some days before and 
after it- 

Thus, then, it appears that, when the shock of 23d October 
1839, orrathertheserieaof shocks of that night occurred, the 
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pressure of the atmosphere on the part of the earth's suttee 
ad^cted by them, was undergoing yery considerable diminu- 
tioD ; that the barometer had beeu falling for several hours 
previously, and that it reached its lowest prant very shcntly 
after the principal shock of that night was felt. 

It would have been important to have had the means of ob- 
taining similar information at the time that the other slioeks 
occurred, on previous occasions in the same month, but (rota 
the want of any barometers in the district then regularly 
observed, this ia impossible. 

It is, however, worthy of remark, that the atmospherical 
pressure for the year 1839 was considerably lower than usual, 
fad especially in September, as the following results pretty 
clearly indicate : — 

lat, In regard to the mean annual pressure, it was rather, 
though not much, less in 1839, than for several years pre- 
vious and subsequent. 

2d, In regard to the oscillations of the barometer, as shewn 
by the mean and maximum ranges in 24 hours, they were 
greater in the year 1839, than in either the previous^^or sub- 
sequent year. 

Sd, In regard to the absolute height of the barometer, it 
sunk lower in the year 1839, than it had done for many years 
before, or has done since. 

4th, In regard to the particular month in which, during the 
year 1839, the barometer Sunk lowest, all of the registers 
except one agree in pointing out September. 

These observations, as to the amount of atmoq>herical pres- 
sure, are important for two reasons. In the first place, they 
are in accordance with similar observations made in volcanic 
countries, and especially in South America. In the second 
place, they are in accordance with the hypothesis, that during 
the occurrence of earthquake-shocks, there is an unusual quan- 
tity of electricity passing from the earth into the atmosphere. 
For it has been very satisfactorily shewn by Mr Snow Harris, 
that the tendency of an elecitrified body to give off electricity in- 
creases, as the pressure of the air upon it diminishes. In order 
to ascertain this point exactly, he placed in a glass receiver, ca- 
pable of having the air exhausted from it, two metal balls, — 
one of them charged with electricity, in order to ascertain 
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the distance or interral at whicli the spark would pass from 
the one ball to the other. From these experiments, he de- 
duced the two following laws. 

(1.) " The respective quantities of electricity requisite to 
pass a ^Ten interval, varied in a simple ratio of the density 
of the air. When the density was one-hair as great, tiie dis- 
charge occurred with one-half the quantity accumulated ;^ 
that is to say, with one-fourth of the intensity or free action." 

(2.) " The distance through which a given accumulation 
eould discharge, was found to be in an inverse simple ratio of 
ibB density of the air, the intensity or free action heiag sup- 
posed constant. In air of one-half the density, the discharge 
occurred at twice the distance.''* 

According to the general laws thus deduced, electricity from 
the earth will have a greater tendency to flow into the atmo- 
sphere, when the atmospheric pressure on the earth's surface 
is diminished ; and if, at the same time, the atmosphere, as well 
as the ground, be saturated with moisture, then the flow of 
electricity will be still more facilitated. 

The general law established by Mr Harris, and the application 
of it, now proposed, to the electrical condition of the earth, com- 
pletely accords with the views before alluded to, of some recent 
writers who midntaiii, that, vAen the atmosphere is in a moist 
and highly electrified state, the barometer must necessarily be 
low. " If,'' says Mon, de Tessan, " a mass of air placed at the 
surface of the earth is moist and electrified, the barometer 
ought, ceteris paribus, to shew a less pressure than if it were 
not in Uiat mass" t 'I'his is not the place to explain the grounds, 
of the opinion now referred to ; it is sufficient to notice the fact, 
that it is entertained, and by persona whose character and re- 
searches entitle them to respect. 



• Bnoir HbrIi on Boma elnBeatWT^nn of Elaelrteitr. Loud. B^. Boe. 
Tram: ftn 1R34> p 99B. 
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Exparimentt on the ezplotive force of Oxt/gen and Ifydrogen 

Gates. By Jambs Johmston, Esq. Communicated by the 

Aotbor. 

To the Editor of the Edinburgh PhiloiophietU Journal 

Sib,— In 1841 1 took out a patent for obtaining mo^e power from 
the exploeiTe and condensing properties of oxygen and hydrogen gases. 
In order to aacertain the power and length of stroke which those gases 
would give when exploded in a cylinder, I commenced, on the 24th April 
1841, a set of experiments, of which I now gire the results. 

The apparatus with which I made the experiments consisted of a strong 
cast-iron cylinder accurately bored, so that its diameter was exactly two 
inches and thlrteen-sixteenths of an inch. This diameter gives a surface 
nn the piston of six square inches. 

The piston was fitted yery accurately into the cylinder, I have ascer- 
t^ned it to work perfectly air-tight. On the top of the piston there is 
a cross-head and spindle for placing weights upon. The ends of the 
cross-head work in cast-iron guides. 

The gases are admitted to the cylinder bjr stop-cocks, and are ex- 
ploded by an electric spark. 

I shall now describe the prelimiiury amuigements made before making 
each experiment. 

I ascertained the weight of the piston, piston-rod, and other appen- 
dages, which the gases must move when the piston is put in motion, to 
be&lbs.5oE. 

I then Mcertaioed, that, to oreceome the friction of the piston, it re- 
quired 5 Jbs. 1 OE., together with its own weight ; therefore add 5 lbs, 
■1 oz. to 9 lb. 5 oz., and we have 14 Il«. 6 oz., the weight or force required 
to overcome the friction of the piston. 

I now proceeded to load as follows the piston, so that I wonld give 
the gases 5 lbs. per square inch of weight to lift. 

Veigbtof pUtoD, . . . . . gilM.6ia. - 

Amount of friction of piston, . . 14 ... fl ... 

Amonotef weightreqalradiomakenptlieSlbi.periqiiaraliich, S ... S ... 

TuUI weight, 30 Iba. oi. 

This gives 5 llw. per sqiufe inch of weight, as there are tax. square 
inches of snrfiice on the piston. 

I measured the gases in the cylinder by the height to which I rtused 
the piston. Every inch of distance between the bottom of the cylinder 
and the bottom of the piston holds six cubic inches. When making the 
experiments I always raised the piston to the height which I wished it 
to be at, by placing under the ends^f the anna of the cross-head pieces 
of wood made for the purpose. After the piston was thus nused to ila 
required height, the apparatus was ready for the explosion, as the gases 
were admitted at tiie pressure of the atmosphere at the time the piston 
™m«d. C.OOJ?lc 
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. Hie gMW Ve» kept ready for uM in a bladder mixed in file pTO^* 
turns .of two .parte of hydrogen to one of oijgen. 

Having described the arnuigenienta forinBuring accurate experimoits, 
I now "give tbe remits in tbe following table, of which the first o<rfumii 
giTOB the'quantitj of gas in cubic inches which was placed in the oylinder 
at each experiment. 

The second gives the weight that was placed on the piston in ponada 
per square inch of its surface. 

The third gives the height in inches aai tenths of inches to which iba 
explosion drove the piston. 

The fourth gjres the height of the barometer at the moment each ex- 
periment was made. 

The fifth gives the height of tibe thermometer at the same time. 
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In the last experiment, viz., that in which twenty-four cubic inches of 
gas were exploded under a load of seventy-five pounds per square inch, 
the explosion was unable to lift the piston ; it merely shook the weights. 

The above table gives the maximum resnlts of upwards of two hundred 
trials or experiments, which I have made on the explosive force of the 
mixed gases. 

In order to shew that there is an unaccountable Irregularity in the re- 
mlU of my experiments on the gases, I shall now give a few experi- 
ments which were made with the same gases, and under the same cir- 
cumstances. 
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In th) ttuT* elgfit «Xp«rtibeiitB betwean lb« muimam wd miBiuiilia 
rise of the piBton, there u » difference of five-tenths of an incli.. How 
tU« diffbten6e M^M I am lit ft loas to know. A diSTerenco of about the 
uuntextentexiated tbroughout bU my repetitions of experiments. I have 
boitewed a great deal of labour and attention to find out Iiow this differ- 
ence ariseB, and I am satisfied tliat it baa not its origin from anj defect 
in my apparatus or arrangements. J believe it arises from the difference 
of strength that may exist between the different sparks of electricity with 
#hich the gases were exploded, as it was with the spark from a Lejden 
jai with which I exploded the gases. I int«nd making a set of expeii> 
meat*, in order to ascertain this point. 

When commencing those experiments, I attempted to explode the 
gases by the spuk which is fbrmed when contact is broken between the 
wires of a battery ; but I fonbd that this spark, although very bright, 
would not explode the gases. The battery which I used for this puT'' 
pose was composed of eight narrow cast-iron Irongbs, with a plate of 
zino in each measuring tweWe inches square. I remain yours troly, 
Jas. Joi 

Wiixow Pabk, Obkerocr, XBrt Uarth 1843. 



Some congideraliont regarding the comparative normal position 
of Bivalve Moltutcoua Animals. By M, Alcids D' Oebiqmt. 

After all fliat has been written on the position of a bivalve, we would 
naturally expect that men of science should be agreed as to this import* 
ant point { such, however, is by no means the case, and the examination 
I }m>pOBe to make of the different methods employed will prove this bat 
too dearly. 

Linmeiw, K^gui^, Lamarck, and Bote, termed the side on which b 
the ligament, the base, and according to them the gaping portioa of the 
valve i* above ; it is the npper side. 

M. de Blainville considers a biv^ve in a position diametrically the op- 
podte of that adopted by the authors just quoted ; thus, the upper side 
of Lamarck becomes the lower side of De Blajnville. 

M. De^ayes follows neither the one nor the other of these methods ; 
he reverses the shell altogether, eo as to place the side where the tubes 
are below, and the side where the mouth is above. According to him, 
the side of the mouth ia anterior, the side of the tubes is posterior ; the 
length, however, is the same as that adopted by M. de Blainville. 

An examination of these various systematic positions, with reference 
to the normal position of bivalves, has proved to roe that they are all 
more or less butty. Every one who studies the shells in their natural 
poaitioB, finds that a StUn, a Mya, a Pholat, and even a Vcntu, invariably 
have their tabes |>r<jecting npwards to the sur&ce of the w 
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Mad la tit* rook whieh eontaini ihmt. Hmee it tMuHt tbftt iil* «rti^ 
dal position aMigned hy Lamarck, differe completelT from tha natonl 
coDdition of bivalves, for it forms an angle of 90° with it ; and that tha 
porition adopted hy M. Deshayei differs from the natural one bj no leaj 
than 180°, or, in ihoTt, pTeciselj Teversei the shell, by putting below 
what in the normal state is above, just ai if we were to place a man with 
hi* feet in the air. Ai to the position adopted b; M. do Bldnvillo, it 
approachei more to tiie ordinaiy condition of the shell, for, hj inclining 
it a quarter of a circle, we restore matters to their natural condition. ' 

Of all these artificial positions, the forthest removed (torn the truth It 
that adopted hy M. Deshajes. Its author supports it by saying, that 
the mouth ia situated at tlie exbemit;, which he place* above, while th« 
BOOS is thus behind. If we were to follow a purelj' sfttematio course 
with regard to the position of animals, without paying any attention to 
thur normal state, we ahonld aniveXat the most absurd consequences. 
For example, is it necessary for us, because man in his usual position 
has a vertebra column which follows a yertical line, and because he car- 
Res his head at the upper extremity of that line, is it necoasary, I say, 
on this acconnt to place the other mammifera in an analogous position t' 
Certunly not, and no one, I believe, has yet thoaglit of changing their 
normal position, any more than of revewing an echinus by placing the 
mouth upwards, and the anus downwards, — a position contrary to nature. 
It is, in tny opinion, necessary under all circumstances, to assign to 
animals in the figures representing them, a position analogous to that 
which they usually possessed in the different phases of their existence. 

Such considerations have induced me to investigate the reasons whieh- 
have given rise to the singular positions assigned to the mollusca, and' 
the injurious consequences which may thus result to science. 

As I have remarked regarding the Gasteropodout mollusca, the s]>ecial ' 
study of shells, eonAolegy, having for a long period been considered as a 
separate branch of the science which treats of the molluscous animals form- ' 
iDg the moat essential portions of these very shells, there has resulted an 
erroneous manner of viewing them, to which, however, we have been 
accustomed up to the present time. We may even assert that this fltet 
is ao general, that, including museums, there are more than nine- tenths. 
of OUT collections which contain none of the animtJa, — a state of matters 
which tends to perpetuate the faUe direction given in the most recent 
works, where not an animal Is figured, and merely the calcareous cover*., 
inga are represented. 

It has never been proposed to change the normal position of birds, or 
of quadrupeds, because we see them everywhere, and the least observant 
eye is accustomed to it. The natural position of a bivalve moUuscoua 
idiimal is fer from being so well known, for scientific men themselves. 
differ on the subject. Being in possession of numerous sheila, and a few, 
animals, authors have fixed a position in their cabinets, either according 
te the form of the shell itself, as is the case with Linnesns and Lamaroka 
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or Mcotfding to zoologicid cbttncten, as in the caae or DeslutyeB ; but 
withont conmltin^ Nature to aicertaio if the poritioaB, thoa arbitntnl^ 
mMigned, are in accordance with her. 

I have laid tliat injurioiu consequenceB might remit to icieiicc fron 
the'repreNotatioD c^ ihells in a poaition contrary to nature, and I ptove 
mj assertion in the following manner. In order to a«certain if strata 
bare undergone cliaagei of poution, if they have been fonned at the 
bottom of a baiis, or on an ancient shore, geology and paleontology 
GoOBtantly require InformatioD, ae to whether orgaDic bodies, and espe- 
cially acephala, or bivalve mollnsca, are in their normal position, and as 
to whether they have been rolled about or merely displaced. Now, how 
can a geologist arriTe at a conclusion on such pmnts, by consulting, for ex- 
ample, M. Deshayei' treatise on conchology ? As the plates in that work 
represent bivalve BheUi in a position completely the reverse of their 
normal one, he would naturally conclude that all the shells he meets with 
in strata, have undergone a change of position, becaose there is no one 
in the position urigned by the pUtM, whereas, on the contrary, these 
■hells may perhaps be in their normal state, aa we find to be very fre- 
quently iba case. It is thus evident, that it b not at all a matter of 
ii)difi«rence to represent a shell in one way or another, and that it be- 
comes indispensable for the zoologist, or the paleontologist, to afford 
geologista points of comparison upon whidi they may rely with certainty, 
to enable tliem to ascertain the condition of tiie strata, at the moment 
when the beings therein contained became covered by new deposits. 

I have already remarked, that there is a great difibrence between the 
position of man, andthat of ordinary quadrupeds. Now, we find another 
example of such a difference in the position of fishes having a symmetri- 
cal form, compared with that of the Plenronectes, for the former are in a 
vertical porition, whereas the others are, relatively to them, placed on 
the side. I insist on this last oompaiison of the position of fishes, be- 
cause, in the bivalve acephala, we find precisely the same thmg, as will 
appear from the flawing obeervations. 

snmiBiCAL ssKti-s. 

Whenever a bivalve shell ia perfectly symmetrical in its parts, so that it 
isequivalve, we may assert a prioW, that its position is vertical or nearly 
so, in the (Erection of the length. 

The genera Soien, Mya, Lutraria, Myeetoput, Pampaa, &c,, whose 
form is the most elongated, are examples. Generally they ate much 
flunk either in the sand, or in the mud, where theii tubes unceasingly 
perform an up and down movement, in order to arrive at the surface, and 
their position is peifecUy perpendicular. 

When the shell, equally elongated, pierces a hole in a stone, as we see 
in the genera Pkelat, LUkodomm, Saxkava, Ciavagtlta, Teredo, &c., the 
shell is also perpendicular, the tubes above, the mouth below. 

When a free symmetrical shell is more or less oval or rounded, m is 
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the ewe in tbe genera Fentu, Cer^&WH, T^Hna, Nvevh, Peettineuliu, 
Area, Unio, Anodonta, Maetra, Donax, Ogebu, it it still vertioal, tbe tubei 
being above^ and the mouth belotr; but Bometimes it inclisee a UtUe 
to a side. 

Symmetrical BhellB piovided with abjasus which attaches them to the 
rock, haTe poaitioiui differing a little from one another. In the Bifo- 
ama and the Vmtericardia, they are fixed in such a maniiei as to give 
them the Mme attitude as tbe Venus in a free state. In the Mytiltu, 
Modiola, and Pinna, the position is difibrent, the hinge being placed be- 
low in place of being at the side, and the gaping portion of the valTe* 
being above. In this case, neTertheless, the animal a still in tlie same 
relative position, for the mouth is olway b below, and tiie anus above. 

UHSYHUBTIUCAI. anXLLB. 

If, a priori, a sjonmetrical Invalve shell uonounces a vertical normal 
position m the direction of the large diameter, we are equally certain 
that all non-^mmetrical bivalve shells have a natural position quite difl- 
tinct, and analogous among the roollnsca, to that of the Fleuronecte* 
witii respect to other fishes, that is to say, that the animal, in place of 
presenting its corresponding portions, or rather tiie line of iepantioo of 
tbe two lobes of the mantle in a vertical direction, does so in a horizon- 
tal one ; so that non-symmetric^ bivalves 'are in the normal position, 
relatively to the others, when they repose on their sides. There is n» 
longer in their case, a« there is in all Bymmetrieal Bbelli, tbe cUrtinction <rf 
Tight valve and left valve, but we have always an tipper vcUw and a bmtr 

With the exception of the Corbula and Pandora, anomalous among tha 
free shells, on account of their irregularity (although their normal posi- 
tion is vertical), all the other unsymmetrical bivalves are fixed either by 
moani of a byssuB, or by the shell itself. 

When they are fixed by a bysBua, they are much less irregular, aa in 
the Pema, AvieiUa, Malleiu, Vutetlla, Pecten, &o,, in which a scTUpnloui 
examination is sometimes requisite in order to discover the differencet 
between one valve and the other. 

When, on tbe contrary, the shelly fixed either to the ground or to sub- 
marine bodies by the calcareous matter of the shell itself, not only are tha 
superior and inferior valves veryunequal, but, moreover, theae sbellB being 
constrained to conform in their growth to tlie space which has bllen to 
their lot, we find them eithermouldingthemselveson tbe bodies on which 
they are parasites, or modifying themselves according to the condition* 
of existence in which they are placed, and thuB producing bo great an 
alteration in the form and aspect of different individuals of the same 
species, that it is necessnry to forget altogether the ordinary limits oT 
variations and to allow a much wider range as to specific chaacten ; 
and thia ia the oaw with the genera Ohama, 8pM^i»», PUcaluh, aod et> 
pecially wltb the 0*treca and OryjAiM. 
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In conclusioti, I would sum ap the eubject bj saying tbat the normu 
pOlHioli of tbe ace)>haIoD8 Uiollusca is Terticdl, the tubes being above 
Uld the mouth bblow, In all Bjmmetrical bivalves ; whereas it is horiion- 
tal, the mouth oa the one Bide and the anus on the other, in all unsym- 
metrical shells. In the first case we have a right valve and a /'/( valve, 
Ud in the dtber an upper valve, and a lov-ir valve. This normal positioD 
beiDg the natural one to adopt, and capable of conferring great advan- 
tages on geological obaervatiouB relative to the condition of the eeaa at 
'difierent epochs and at different parts of a basin, I intend to retain it 
Berupulouely in the representation of all ebelle ; and, as it has been Bub- 
tnltted to the test of numerous obBervatiouB made in all latitudes, geolo- 
gists may confidently rely on its accuracy, and compare the state of 
the faunas contained in the gtnita composing l^e crust of the earth.* 



Report of the Retearehes of M. Agassie during his last two 
sojourns at VSolel-des-Neuchalelois, upon the Lower Glacier 
of the Aar, in the years 1S41 and 1842. , By M. E. Dbsor. 

The importance which the study of the glaciers has lately 
acqaired, is so geDerally known, that but few words are neces- 
sary to recommend it to the attention of the pablic'; and geo- 
logy, in assigning to their influence so marked an agency in 
the resolutions of the globe, has suddenly raised them from the 
neglect in which they had long lain. The activity displayed in 
these investigations has been verymuch spontaneous, andalmost 
universal ; for there are few countries in which the new science 
has been put into requisition, in which the consequent observa- 
tions have not led to the most satisfactory results. Recognising 
a development so extensive, I fear lest the researches, of which 
I purpose to give an account, will scarcely appear inviUng, 
owing to the contracted locality to which they refer. Many, 
upon reading the title of this article, will, no doubt, enquire 
what so extraordinary is to be observed and studied in the gla- 
cier of the Aar ; so that there was occasion to resort thither 
for two successive seasons, and remain for weeks and months 
together. To meet all prejudittes of this kind, and enable th« 
n^er to judge for himself, I shall first, in a few words, g^ve a 
Ttiew of the state of our knofrledge at the close of tte year 

• ^Bfia^M rf« Sci(B«« .Vo[«i-cn«*. .imnS48, p. sit. " 
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1640, and beginning of 1841, the periods of the pablioatiOB of 
the works of MM. Agassiz and Chu-pentier ; and shall, at the 
same time, point ont what were the problems which remained 
to be solved when M. Agassiz commenced the new series 6f 
observaUons upon which we are about to dwell. 

The compacatiTe study of the different regions of the gla- 
cier, and of the modifications which the ice undergoes in its 
course from the superior elevations towards the lower valleys, 
instantly occurs as one of the most important points. The older 
authors recognised its importance, and made a distinction be- 
tween the glacier, properly so called, and the Fim or Nivi ; 
and more recent ones have recognised three distinct regions 
in all the larger glaciers, namely, the region of compact ioe, 
the region of the N^v^, and the region of snow-fields." 

Regarding the first region, or that of compact ice, it is known 
that the ice becomes harder and harder towards the extremity 
of the glacier. The presence of a net-work of very fine fissures 
— the capillary fissures — had eiso been ascertained, by which 
the water of the surface copiously penetrated into the inte^ 
rior ; but these fissures were only known as they had been oV 
served upon the surface, and upon the walls of the crevices. 
It was not positively ascertained if they extended to the inte- 
rior of the mass, or to what precise depth they reached. Hene*, 
among the objections made to the theory of infiltration, the 
ailment has often been put forward, that previous to admit- 
ting a general infiltration by the capillary fissures, it was neces- 
sary to demonstrate the existence of these fissures throughout 
the mass. Many learned men and able natural philoeophers, 
considered the idea as very problematical, and in opposition 
to the constituent nature of ice. It was, therefore, only direct 
experiments upon the infiltrations which cottld decide the que*- 
tion. As to the always increasing density of the ice, it was 
usually attributed to the effect of pressure, but without any 

* IlMe MgioDi have now for Uu first tima been rapresentad in » ynphl* 
manner, in a map whicb, Uong with M. Agassii, I luve prapared, m an acconi- 
paniment to the German traaKl&tion of our ucent of the JuDgfraa ; tbe limit! 
of the dUhrent Tegioni being there Indicated Mth all tlu pieeialon which ean 
btWflneJInamap wMehhMBO*bw< i aDt m ic*taiipa> W lgBa> M B> rl «tl a l w. 
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accurate account being given of the nature of that pressure ; 
and we were also, in complete ignorance of the effects produced 
by the air-bubbles contuned in the ice, and the modifications 
which they underwent. The crevices encountered in each 
numbers in the region of the compact ice were regarded as the 
-effect of the tension of the mass ; but we had only a most 
vague idea of the nature of this tension ; and we shall see in 
the seqael, that even still there is great difficulty in explain- 
ing their functions. The ice tables, the gravelly cones, and 
the baignoiret, were formerly explained in a satisfactory man- 
ner by the older Swiss naturalists, and among others by 
the MM. de Saossure, Kuhn, and the elder Studer. MM. 
Agassiz and Charpentier have added to this department a great 
number of new observations. Still, however, many additional 
ones were stilt req^uired. The lamellar or ribbon structure ia 
tiie middle portions of the glacier had been but vaguely ob- 
served, and no satisfactory explanation had yet been supplied. 
No more bad the cause of those singular holes, similar in form, 
which are spread over all the surface of a glacier, and which 
we shall subsequently describe under the name of meridian 
A0/M,been discovered. Onlyan imperfect account bad also been 
given of the different varieties which the ice of one and the 
same glacier frequently presents, upon a transverse section 
from one of its banks to the other. Finally, the stratification 
in ice, which is a very general phenomenon, had been only 
loosely described by some, and its existence had been altoge- 
ther denied by others. 

The Niv^ has been especially the object of the persevering 
study of modem observers, and the results of their investiga- 
tions are worthy of the greatest attention. MM. Agassiz 
and Charpentier have both devoted a chapter to its considera- 
tion in their respective works. The latter of these gentlemen 
particularizes two kinds, namely, the higher and lower N^ve. 
But, in spite of all this, much still remains to be done in this 
favourite department. How, for example, are the granules of 
the Nev^ formed \ What series of transformations do these 
granules undergo in changing into ico, which becomes more 
and more compact, rendering this ice of the Neve more and 
more transparent f How does this variety of ice conttua 
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neither the capillary fiesures, nor exhihit the blue bands \ and 
how do they malie theu" appearance all of a sndden \ Ptnatly, in 
virtue of what action is it that the transformation of the N^ve 
into ice takes place from below upwards, instead of proceed- 
ing from above downwards % As to the limits of the Nev4, it 
has been observed to be tolerably constant among the Alps ; 
although this preciraon has evidently been exa^erated. Ad- 
ditional researches into this matter must still be under- 
taken. 

The third region, which comprehends the snow-fields, is 
the least known of all. Bat few naturalists had studied these 
elevated regions, and those who had traversed them had not 
contributed much respecting the extraordinary phenomena 
which are there witnessed. It is without doubt known that 
it is there that the snows annually fall which feed and main- 
tain the glaciers, and that the snow which falls during the 
winter upon the lower parts of the glaciers, melts during 
summer, without contributing, in a direct way, to the forma- 
tion of the ice. But all our ideas concerning the history of 
the snow in these immense circuses have hitherto been very 
imperfect. We had not even a satisfactory knowledge of the 
form under which it habitually falls, — ^whether as flakes, or in 
fine powder, or as minute grains- No more had" the particular 
form of the crevices in these elevated regions, which are dif- 
ferent from those of the glaciers and the N^ve, been eluci- 
dated. Finally, we were completely ignorant of what became 
of the horizontal and regular stratification, which is seen upon 
the sides of those abysses as deep as the eye can penetrate, 
and of which no trace is to be found in the crevices of the 
glaciers properly so called. 

Theory was still more at a loss to explain the phenomena 
which are witnessed upon the highest summits, and the data 
we possessed concerning the state of the icy masses of these 
regions was still more contradictory. It was admitted that 
there the temperature was always at 32° F. or below it, and 
yet we talked of ice upon the highest peaks. Here there was 
evidently an exception to the common rule; and this ice 
formed above the fields of snow, implied particular condi- 
tions which had not hitherto been recognised. There was- 
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thus a strong motive to visit these elevated regions, And 
observe the temperatore of the air, and the state of the ice-* 

Temperature. — Previous to the time when M. Agassiz de- 
voted himself to the stud; of the glaciers, absolutely nothing 
was known concerning the temperature of these icy mosses. 
Nevertheless, it was very generally admitted that it must be 
very low. The 6rst experiments were made in the year 1840, 
at the lower glacier of the Aar, where they indicated a tem- 
perature which was nearly constant, oscillating between 32 F- 
and 31°.5 F. But these observations having been made at a 
depth of only 25 feet, it might be feared that they were not 
completely independent of the external tetnperatnre. Hence, it 
became necessary to repeat them at different stations, and still 
more, at greater depths. It also became important to exa- 
mine more in detail the relation of the external melting with 
the temperature in the shade and in tbe sunshine, to study 
the influence of nocturnal radiation, and to observe the action 
of the heat upon the water contained in the baignoirei and 
the different cavities of the ice. 

The phenomena connected with moraines are of primary 
importance in reference to the question of the transportation 
of boulders ; hence these moraines have been studied in all 
their aspects ; and their origin, formation, transport, their 
combinations, compodtions, and different characters, have been 
described and figured with great care in tbe work of M- Agas- 
tiz ; and we might have supposed that, in these points at least, 

* The year 1&4S has been fertile in ascents, aod thna the impuln given 
b; the stndr of glaclere bu greatly adtnoced the limita of our knowledge. 
Tbn FlDitenarban hu beea acaled by H. Sulger, a dUzen of Bile, towardi tb* 
end of the month of August. The Stnhleek abo hai been Awqoentlj tiavenid. 
The Dent-dU'Hidi haa beeo ewaJaded for the firat time by leven natives of the 
Valai*. The Juogfrau hu again seen wlventurous tnvellen risk their safety upOD 
it* ina«; ridge: MH. Stnder and Bark; accamplUbed iti ascent in August, con- 
ducted by €«« guides from the Grimsel, two of whom acemnpanled ox the pre- 
ceding year; and I tiave thna enjc^ed the satisfkction «f M. Stoder's confirmitlg 
Id all respects the descriptirai I h>d previtwtly published, finally, I have my- 
self scaled the Shreckhom, along with my friend H. Escher of the Linth. An 
equally remarkable silent hu been acGomplished in the Pyrenees. A HuBsian 
oAoer, H. de Tcfaihateheff', h>s staled the peak Netbon de la Maledttta ; udltlt 
ioterealiikg to »maik OM Ui etaarratltns, T«l«tit« to !«• nd now, win mwti 
pradsely to tiioee we bare made among tbe Alp*. 
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the ioTestigation was at an end. But new difficulties arose in 
connection with the researches concernmg the method in which 
glaciers advance in their onward course. Intimate relations 
must of course exist between the form and arrangement of 
the moraines, and the more or less accelerated movement of 
the mighty mass. Hence arose the questions why certain 
median moraines at first narrow, as in the median moraine of 
the Aar, dilates in so remarkable a manner in the ultimate 
course of the glacier, although no new materials are added to 
it ;— why certain lateral moraines entirely disappear in their 
course ; — and by the influence of what cause it is, that morgues, 
after having formed very high ramparts, again become com- 
paratively flat towards the extremity of the glacier. 

The question of movement or progress is that which has 
always most engaged the attention of natural philosophers, 
And it is the one which most merits attention, because, what- 
ever theory be adopted, we must always come back to move- 
ment before we can account for the existence of glaciers and 
their preservation, in those positions in which they could not 
have so formed themselves in situ. The displacements to 
which glaciers are subjected, are too considerable and frequent, 
even to be doubted by the native mountaineers, who regard 
this state of matters only as natural. In tlieir estimation, the 
glacier is a river, which descends from the mountain, like 
its torrents, only in a manner somewhat different. In fact, such 
an intimate relation exists between a glacier and a river, that 
the strongest possible parallelism naturally suggests itself to 
the mind. A glacier is formed on the same principle, and is 
composed of the same elements, as a river ; it is only water 
nnder another form, which moreover occupies, as do torrents, 
the bottom of valleys whose sinuosities it follows as if it were 
really liquid. All this was so plain, that those who first di- 
rected their attention to the subject, were at once convinced 
of it 

At the same time, when glaciers more particularly engaged 
the attention of philosophers, they suggested other theories ; 
and opinions differed regarding the nature of their movement, 
sndthe canseswhieh produced it Scheuchzer was the first who, 
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admittitig the bIow and gradual moTement, as<aibed it to the 
iniiltratioa and congelation of the water contained in the ca- 
pillary fissures. Gruner believed the movement less regular, 
and that it was determined by the weight of the mass, and by 
the melting of its sides. De Saossore verymuch adopted the 
same yiew. " These icy masses," he remarks, " descending 
the slope of the bed on which they rest, released by the streams 
from the hold they might take upon this same bed, sometimes 
even uplifted by this water, must gradually glide and descend 
in the course of the slope of the valleys, and of the ridges 
which they cover." Such, too, is nearly the opinion of Kuha 
that observer who, of all others during the last century, best 
comprehended and described the whole phenomena of glaciers. 
One thing is very cl^ar, that no one in Switzerland ever doubt- 
ed that the glaciers were subject to movement. And not- 
withstanding, the fact in itself is not so simple as it appears 
to those of us who are familiar with it as a matter of public 
notoriety. It is thus highly interesting to read over tlie con- 
troversies which the inquiry occasioned towards the close of 
the last century. One of the Professors of the University of 
Tubingen, M. Plouquet, undertook an excursion into Switzer- 
land, for the purpose of studying the subject of the glaciers. 
When hebeheldtheseimmense masses, covering whole leagues, 
and occupying all the sinuosities of the valleys, he could not 
imagine that they were subjected to any movement whatever ; 
and he remarked that, if possessed of aglidiDgmotion,theymust 
long before have invaded the plains and valleys into which they 
debouched. Hence this author thought that the glaciers were 
immovable, and that if a movement were possible, that move- 
ment must needs he very slow and gradual ; but as such a 
motion appeared to him in the highest degree unlikely, he as- 
sumed that glaciers in general are stationary, and have ever 
been so. This opinion, published in the year 1786 un- 
der the title of VertrauUehe ErzcBldung einer Schtveizer 
Meise, roused noisy clamours among the Swiss aacans, who 
regarded it as a decided heresy. Hopfiiet'a Magazine, a dis- 
tinguished scientific journal which appeared at this time at 
Zurich, headed the defence ; and M. Kuhn undertook, in 
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one of its, nnmbers, to refute the opioioD of tlie Gennan 
philosopher, afresh substituting in its place the popular and 
prevailing belief. He adduced facts — that at such a time 
a particular field or meadow was .invaded, trees were up- 
rooted, and huts overtumed ; and, as if these glaciers were 
predestined to induce irritating discussions, we find that even 
then the controversy assumed a very keen and angry tone. 
M. Plouquet answered M. Kuhn's particles in a second me- 
moir, in which he explained anew, and at more length, the 
views and reasons which opposed his admitting that any, and 
especially a rapid movement, took place ; and retreating 
upon his scepticism, he demurred, as inadmissible, to all 
proofs borrowed from the vague notions of the mountaineers. 
He demanded precise facts, and especially measurements; 
and, as few of the aavana had themselves made observations, 
and mistrust now began to be entertained regarding the 
recitals of the natives, all this made for the cause of M. 
Plouquet. But De Saussure and Kahn both had ocular 
demonstration of the motion. The following Is the state- 
ment of the former. " In the month of July 1761, along 
with my guide, Pierre Simon, I passed under a very high 
glacier which is to the west of that of the P4lerini. There 
I observed an immense block of granite, cubical in form, 
and more than 40 feet long in all its dimensions, resting upon 
the debris at the foot of the glacier, and deposited in its 
place by this glacier. Let us be quick, said Pierre Simon to 
me ; for the ice which presses upon the rock will soon force 
it forward, and so overwhelm us. Scarcely had we safely 
passed it, when it began to move ; at first it sHd almost im- 
perceptibly upon the debris lying under it ; it then tumbled- 
over upon its anterior face, then upon another ; it then began 
to roll over, and the declivity increasing, it fell from spot to 
spot, till it began to bound away, first to a small extent, and 
then to great distances ; at each boand it shivered away 
splinters, then great blocks, and finally the rocks on which it 
fell ; all these fragments followed its wake down the slope of 
the mountain, and it thus formed a torrent of rocks, great 
and small, iriiich overwhelmed a forest io which it was finally 
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arrested, after hafing cleared a vf»y for itself, in a few mo' 
mente, to the extent of half a league, with a noise and de- 
struction altogether artooisliing." (De Saussore, Voyages 
dans leg Alpes, tome i., p. 384, § 538.) 

M. Kubn observed a still more striking movement, occa- 
sioned by the formation of a crevice in the glacier of Grin- 
delwald ; and hence he concladed tbat this yraa the cause of 
the advancing motion. It could not then be denied that 
glaciers possessed a movement, which was continued from day 
to day ; a circumstance which was not afterwards suSiciently 
attended to. M. Venetz still maintains the theory of glid- 
ing in his celebrated memoir upon the variations of tem- 
perature in the Alps ; where be narrated that there were 
glaciers which made sadden bounds forwards to the extent 
of ten feet. Here, however, it should be noted, that this 
phenomenon was not observed by M. Venetz himself, and 
tbat the statement rested upon the simple assertion of the 
native mountaineers. Add to this, tbat since attention has 
latterly more steadily been directed to the subject, no ex- 
ample of this kind of advance has been recorded. Nothing 
then remains, but that we should return to the slower move- 
ment. 

M. Toussaint de Charpentier, brother of the celebrated geo- 
logist of Bex, and M. Biselx, prior of the convent of St Ber- 
nard, revived the theory of dilatation ; but from this period 
the question became in a wonderful degree complicated. 
It now became necessary to explain what tlie influences were 
by which the movement was effected, and whether it was 
continuous, or occurred only at certain times ? and, under 
the last alternative, what were the periods of progression X 
also, if the movement was uniform, or, on the contrary, was 
liable to times of retardation and acceleration \ These ques- 
tions, it was evident, could not be determined in k manner at 
all satisfactory, unless by accurate measurements. When we 
consider tbe paucity of the measurements which we possess 
even now, we may well be astonished that any theory what- 
ever could be based upon such meagre data. The admea- 
surements commenced by M. Hi^i upon the glacier of the 
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Aor, and continued at a later period by M. Agasaiz, are in 
fact the whole of the materials of this kind which we pos- 
sessed. It remained, therefore, not only that we should con- 
tinue these annual measurements, but, that they might be 
invested with a real value, it was necessary they should be 
multiplied in numerous places. Daily observations were ne- 
cessary to appreciate the diversity of the movement in hot or 
humid days, and during cold ones ; and it required that these 
observations should be repeated many times every day, that 
the difference between the diurnal and nocturnal movement 
might be brought out. Finally, that we might ascertain the 
movement from one season to another, it was indispensable to 
determine trigonometrically numerous points over the whole 
extent of the gUcier, which might be measured at all seasona 
of the year. In a word, it became necessary to prepare a 
chart of the whole glacier. 

With this question of the motion of the glacier, is con- 
nected the one respecting the changes which the sarface of 
the glacier undergoes. It is evident, that if the loss of sub- 
stance which the glacier undergoes is compensated only by 
the advancement of the superior masses, there ought to be a 
certain relation between the superficial waste and the progres- 
sion. But before we can arrive at precise results on this head, 
we must also make a series of observations in different posi- 
tions where the respective levellings are accurately taken, 
and that these observations must be continued for a certain 
time, so that the influence of external ^ents may be fully 
appreciated. 

But in what way soever a glacier may move, it is a neces- 
sary condition of this movement that it shall free itself from the 
surface upon which it rests. This, at first view, at all events, 
appears a condition imperatively required; although there 
seem to be facts which go to prove that the glacier is frozen at 
its lower surface, and MM. Agassiz and de Charpentier are 
disposed to admit there may be a slow movement, even sup- 
posing that the lower surface of the ice was frozen to the 
part beneath. However this may be, this theory requires to 
be supported upon additional observations before it can be 
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Beriooaly «iitertuQe<l,or examined; and we cannot -hope to 
arrive at any positive conclusions, except by sounding the 
glacier, or at least placing ourselves in circumstances where 
we may continually observe it. 

Finally, the whole of the theory, whether in relation to 
physics or geology, had to endure attacks from a variety of 
quarters. Infiltration was strictly denied by some, and many 
were opposed to the notion that the glacier was frozen to the 
parts beneath ; and admitting the facts which appeared con- 
trary to this opinion, the theory of gliding mnst again be can- 
vassed. 

The phenomena of glaciers, in connection with their change 
of position, also become the subject of various attacks. Some 
had endeavoured to restrict their influence within very nar- 
row limits ; and some philosophers maintained the idea, that, 
the glaciers, at no epoch, had advanced more than half a league , 
beyond their present limits. Others allowed that at one time 
they must have reached the issues of the great valleys ; Whibt 
others prolonged their course as far as the Jura. On the 
other hand, there were a number of geologists who adopted 
the. opinion of M. Agasaiz as the most probable, and thought 
that they had discovered erratic phenomena in many localities 
and countries where the presence of glaciers bad never before 
been dreamt of. 

The theory of currents even, was subjected to many changes, 
especially as regarded the origin of the pretended great 
ones. The time was when it was with much simplicity 
supposed that an impulsion, — some violent shock, — occurred 
at],the summit of the Alps, and had forced from the ^ot, with 
unheard-of velocity, enormous debris of rocks. It was long 
before a cause for these currents was thought of. First, it was 
conceived that the district of the Valais had been an immense 
lake, whose waters had overwhelmed the plain in consequence 
of a cataclysm which separated the Dent du Midi from the 
Dent de Morcles. Others, again, assuming as a type the de- 
bacle of the valley of Bagnes, fancied that many lakes were 
formerly barred by glaciers, — ^that when these maintaining 
barriers came to be broken, currents were produced which 
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transported immenBe bouldus to the opposite dopes of tte- 
J^ira. There were others, ajrain, who entirely denied die alli- 
ance supposed to exist among EOme of the phenomena which 
had been associated in the thewy of glaciers, and e^eciallyn 
regarded this polish upon rocks, and the Tarioos strite and 
grooves which it was alleged had been produced by their enor- 
mone pressure. 

All these different opinions, mterpreting so variouly.Uie 
phenomena which had been accumulated, made the acquisi- 
tion of new and more detailed observations altogether indis- 
pensable : and it was important that these should be made aa 
mach as possible upon the gUciers now existing ; in fact, dat 
their current operations sfaonid actually be watched. Besides, 
the observation we had made the previoos year concerning a 
constant limit of the polished rocks, was of such paramount 
interest that it merited peculiar attention. 

Thus the immensity of the field was evident. And how- 
ever important may have been the results of the researches 
of late years, much still remains to be accomplished ; espe- 
cially when we consider that here, as in every new science, 
the solution of one problem only gives rise to the consideration 
of another, and that what appeared at one time sufficiently 
established, is presently involved in doubt by discovery of new 
facts which may oblige the observer to undertake a new series 
of tuvcstigafjons. If innumerable difficulties which are met 
with in conducting researches, apparently simple, cause our 
pn»;re83 to be slow, it is no less true that the slightest obser- 
vation, and a singlefact needing confirmation, require long and 
ardfions journeys ; and withal, nature in these elevated regions 
is so capricious, that we mast almost steal her favours that we 
may profit by the slightest cu'cumstances of time and place. 

We have no intention of entering into the detuis of all the 
observations which were made at the HHeX des Neuckateloit 
during the last two years. These will appear in a separate 
volume which M. Agassiz is now preparing as a sequel to his 
Eludes tur lea Glaciers, and of which notice will subsequently 
be taken. The object of this article is only to exhibit, in 
a summary manner, the sojourn of M. Agasstz and bis com- 
panions at the lower glacier of the Anr, pointing out the 
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principal results tbej have obtained. Instead of a journal or 
succinct narration of events in their chronological order, I 
shall treat separately of their principal opemtioDS, uniting 
tmder the same head the observations of hoth yeaxs, with the 
indication of their dates. One part of the resnlts obtained 
during the summer of 1841 has already been published by 
M. Agassiz in the Edinburgh New Philosophical Journal 
(vol. xxxiii. p. 217) ; and sonie of them of 1842 will be found 
in the Complei Jiendut of L'Institttt, and in Leonhard and 
Bronn's Journal.* 

(To be continued.) 



Meteorf^ogiccU Tables for 1843. 

(Oontiimed from Vol. XXXIV., p. 873.) 

Table III. — March. 



1813. 


to^' 


MtaV 


Mrf.' 


i p. Hm 


iireTi 


sTii. 


-— |B^.|H 


Uu. 1. 


88° 


27° 


81° 


29.68 


31* 


29.81 


2i 


... 2. 


36 


27 


31 


29S2 


33 


90.01 


33 


... 3. 


38 


24 


81 


30fl4 


27 


30J5 


32 


... 4. 


40 


32 


36 


2020 


29 


30.17 


36 


... fi. 


49 


38 


41 


20m 


36 


30.00 


40 


... 6. 


46 


40 


43 


29S8 


40 


30.00 


43 


... 7. 


47 


28 


37 


30.04 


« 


30.07 


37 


... a 


41 


30 


3S 


3o.ia 


29 


30.20 


35 


... 9. 


44 


87 


40 


3050 


33 


30JO 


41 


... xo. 


43 


10 


41 


2938 


38 


29.88 


11 


... IL 


48 


12 


46 


S9.99 


14 


29.87 


43 


...12. 


46 


3S 


10 


29Ji8 


41 


29.36 




... 13. 


12 


30 


36 


29,31 


38 


2957 


38 


... 14. 


43 


30 


36 


2924 


31 


29.31 


38 


... 16. 


16 


33 




29.60 


31 


29.80 


39 


... 16. 


46 


40 


12 


29J8 


33 


S9.6S 


41 


... 17. 




41 


17 


29JW 


44 


29.69 


U 


... 18. 


64 


10 


47 


29.71 


46 


29.86 


11 


... 19. 


48 


38 


43 


£9.82 


44 


29.83 


13 


...20. 


44 


39 


11 


30.71 


11 


S9.61 


40 


... 21. 


61 


43 


48 


2931 




29.29 


16 


... 22. 


60 


46 


53 


29.19 


47 


29.30 


49 




G5 


40 


17 


29.34 


17 


29.46 


47 


'.'.'. 24! 




10 


12 


£9 62 


43 


i9.75 




...26. 


44 


36 


10 


2932 


43 


3002 


37 


...26. 


IS 


31 


38 


30.05 


39 


29 98 


34 


... 27. 


as 


33 


36 


29.90 


36 


29.88 


34 


...28. 


42 


31 


36 


29.85 


38 


29.86 


35 


... 29. 


11 


30 


37 


29.91 


37 


29.87 


38 


... 30. 


46 


46 


15 


29.61 


35 


2921 


15 


... 31. 


59 


41 


51 


29.08 


39 


29.16 


18 


Meuu. 


45.70 


35.77 


40.46 


29.762 


38.61 


29.750 


39.67 1 16 1 



i,Googlc 



Meteorologieal 7hU». 
BESULTa 



W.y; N.W.Oi N.4; N.E. 1 ; E. 7 ; 8.E. 6{ 8. 2; aW. 4. 

TSatu.—Mank 1. f^Ice. 2. Fine ; okHtdf. S, 4. Fim. 5. Fins ; 
wind}'. 6. Windr- 7. Fina. 8. Foggj. 9. Cloudy. 10. 'B^aj. 
11. Fine ; cloudy. 12. Higb wind ; cloudy, a.m. 18, 14. Rain uid 
hail in ihowen. 10. Rain ; cloudy. 18. Bainy ; thermometer «t 9 p.ii. 
46." 17. 18. Fine; (o%^. 19. 20. Cloudy. 21. CIobc, and eloady 
«.u. ; et 5i thunder and heavy Tun. 22. RBiny a.ii. ; fine. 24. Rainy 
and windy. 29. Windy. 26. Windy; gale with snow at night. 27. 
Cloudy. 28. Fine. 29. Fine. 30. Hazy ; ndny and windy. 81. Hi|h 
wind; ckmdy. 

MBHORAHD4. — Barthqtiale at Lochtnlphead. — A smart shock of an earth- 
quake was felt at Lochgilphead at forty minutes past 8 p.m. on Saturday 
last It lasted from thirty to forty seconds, and was so strong, that the 
dishes on the wall and shelfes were Bet in motion. The Bhock was ac- 
companied by a loud noise, as of many carts of atones heing emptied bn 
the street. Many of the inhabitants ran in great alarm to their doors to 
ascert^n the cause of the disturbance. A brmer who resides two miles 
and a half from Lochgilphead, mentions that the name sensation was felt 
at his bouse as at the village. 

Oban. — On Saturday evening the 25th, a shock of earthquake was dis- 
tinctly felt in thia place about 8 p.u. It appeared to pass fromE. to W.^ 
and occupied from forty to fifty seconds in its transition. A flash of 
lightning was observed about the same time. About two yean ago a 
atmilar shock was felt in this place, and a still severer one fourteen years 

Floods at Bohc. — Letters from Rome of the 8tii, give frightfnl ac- 
counts of destruction caused by the overflowing of the Tiber. Theriver 
had laid one-third of the Eternal City under water, formiDg deep laketf 
in many localities. The principal street, the Corso, the i^imtaches to 
the c^tle of St Angelo, and the Piazza d! Spagna, were completely 
flooded. The flood had continued for two days, and there was no ap- 
pearance of its aliatement, &c. 
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Copy of a LetUr from R. J. Fayert, RJf., to hU Eaxtlieney the OowmoT 
of Bermuda, tonctming the Earthquake m the Wett India. 



SiH,— I think it expedient 7011 ebould be in poBBesBion of drcumstances 
that have recently occurred, and the intelligence conveyed to you aa 
correctly ba possible. 

. An earthquake (I fear of great extent) has oecnrred. On the 8tli of 
Eebmary, at half-past 10 a. h., I was Bitting at table with Mr Comrie, of 
the Colonial Bank at St Thomas, his private house being on a declivity 
half way up the bighegt part of the town- We were euddenly surprised 
by; a confused sound, very much resembling the action of a strong 
draught of one of the large steamers' flues, with the door shut, attended 
by a hinbg soond. Our first impulse was to fly to the balcony ; every 
Aing was on the move — windows rattling, and plaster falling 08*. 

The Bbeets immediatelynnder presented an extraordinary tcene, peo- 
ple rushing out of their houses, and crying in all directions, many fitint- 
ing. The shock came not perpendicular, but horizontal, then a perfect 
calm. All business was suspended, and churches were opened for wor- 
ship. The ships at anchor in the harbour felt the shock very plainly, 
and those who were below, at the time came on deck to ascert^ the 
cause of the disturbance. 

A French brig coming to St Thomas's, felt the shock so severely, 
whibt off Tortola, that he thought the vessel had struck on a rock. The 
Spanish man-of-war corvett Cubana, came in from the westward, and 
though close in to the west end of St Thomas', did not feel any shock. 
A'Tessel arrived from St EHts, the Court-House and Custom-House Had 
fallen, but no mentionof any loss of life. On the following day, atSA. h., 
the royal mail steamer "Thames" arrived; the news brought by her 
was, that, to the great dismay of all on board, the Thames was thought 
up as if on a reef of rocks. The captain, Philip Haste, had his attention 
called, by a passenger exclaiming. Heavens, look at the land I All was 
enveloped in a cloud of dust. The shock had passed Montserrat, which 
Gsntinued, as the Thames passed, enveloped in a cloud of dost. God 
only knows the fate of the islands to the eastward. I have the honour 
to-be, your Excellency's obedient servant 
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Captain Haste's Letter is as follows — 

SiB, — I lament to infoim you that we bave experiencadMveial terrific 
bUocIb of earthquake. The efiect on all bauds wbb indeEcribable, all caina 
runuing up &om below, not a num was left in the engina-room, except 
Mr Casey, the chief engineer, who insisted that Hometfauig had gone 
wrong witli the boilers. 

On looking at the island an awful scene presented itself, clouds of duet 
rising in ererj direction, &c. Uontserrat, although thirty miles distant, 
we could see was enveloped in dust ; some severe shocki were felt in this 
island at the same time. The weather during Qio earthquake was beau- 
tiM. 

Moderate bteeie east ; barometer, 30.15 i thermometer, 81." 

Falmouth, 7th March. — ^Fiom a paesenger irho returned in 
the Actseon from the West Indies, we have the fdlowing : — 

No language which I could employ, would be adequate to convey to 
the minds of others the idea of tiie nature of the catastrophe, or of the 
destruction, desolation, and misery which have followed in its wake. 
On the morning of the 6th February, tiie greatest consternation and 
terror prevailed amongst the inhabitants. St EuBtatiut, in St Kittai, 
suffered severely. 

Letter from a Gentleman who was in the island at the time. 

There was nothing very remarkable in the atmosphere on the morning 
of the Sth. The sky was clear, and the wind fresh and rather cold. 
There was, however, a deep pnrple haze in the air, rather uncommon at 
this time of year. About twenty-three minutes past eleven, I went to 
ttie. quarter-deck of her Majesty's steamer "Dee;" every one was busily 
employed, when suddenly I saw the cliff behind the ooal-yard undulate. 
On taming my eyes up the harbour, I saw a hiU, called Monk's HiU, 
toppling &om its summit, and enveloped in dust. The water in thehai^ 
bonr foamed and bubbled, and in many places a white substance rose, as 
if thrown up from the bottom. After the shock had passed, to my dying 
day I shall never forget the horror that was depicted in every connte- 
nance. Men gazed at each other in blank and terrible dismay, &c. 

Besides the immense destruction of buildings, it has been ascertained 
that the lives of two thousand persons have been sacriBoed, and from 
one thousand two hundred to one thousand five hundred individuals 
m&imed and mntilftted. 
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W. 7 ; N.W. a ; N. 4 ; N.E. I ; E. 3 ; S.E. 1 ; 8. 2 ; S.W. 8 ; Var. 2. 

At Ejn&QDB (for last mtrnth) the extremeB of pressure were 80.35 and 
29JtO I temperature 62° and 16° ; mean temperature SS^.G? ; amount of 
rwD 135 inch. 

NoTsa. — April 1, 2. Showerj and windy. 3. Cloudy, i. Rainy. 5. 
Bun;; aurora remarkahly bright this evening, although moonlight. 
Almost immedintely below the moon there wae a large i^ias^ of luminous 
matter, through which the stars were distincti.v visible. 6, 7. Windy. 
8, Rainy. 9. Fine. 10, U. Snow and hail in ahowers. 12. High 
wind, rain ; at balf-past 4 p.m. heavy snow and wmdy. 13. Cloudy, 
windy, and snow at 9 f.h. ; high wind and rain during night. 14. High 
wind. 15, 16. Cloudy. 17. IS- 10. Fine. 20. Cloudy. 22. Rainy. 
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23. Rainy; fine. 24. Cloudy. 25. Stormy, i.u.; fine. 27- Clondy 
night ; Kuny. 28. Kidny. 2d. Fine ; foggy p.m. 

Mbuoeanda. — Earthquaie in Holland. — Zb&linv, 6lh April. — T\na 
morning, about two o'clock, a alight shock of earthquike wan felt here. 
About half-past six, it was followed by a second and itilt more leTete 
shock. The chorcb bell waa so violently agitated, that the ringing wfs 
heard at a considerable distance. Accouuta from Uden mention th4t 
the shock was also felt there, and thiiit the people who were assembled 
in the church hastily ran out. Houses were shaken violently, articles 
of furniture were removed from their places, and persons in bed were 
thrown from one place to another. 

BoiB LE Duo, 9ih April.— The dike of the Zuid Willemswaart canal 
has given wa}', and sunk to the extent of twenty yards. Letters re- 
ceived to-day lioin St Oderode, mention that several shocks had be^ 
felt there on the 7th (Friday), Hbout 11 p.m. The inhabitants mshed out 
of their houses for fear of being buried under the ruins, and rem^ed in 
the streets until daylight returned. 

Several localities ia North Brabant have been visited by the eartl)- 
quake. Cirave, Bommel, Husnew, Breda, Telburgh, Findboven, and 
other places, have received some severe shocks. At the same time there 
occurred a storm of thunder and lightning. At Oorcum a very heavy 
shock was felt at a quarter before six a.m. 

Tablb v.— May 
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Higbeat, , 30.29 UigheBt, 

Lowest, 37-37 I LowMt, 

Mean, . . 29.703 | Mean, 



W. 4; N.W. 0; N. 3; N.E. 2; E. 17; S.E H ; S. 0; S.W. 34. 

NoT^ — May 1. — 3. Hazy, 4. Cloudf; t^d and hul p.m. 5. Higb 
wmdjohowerj. 6. Cloudj-. ?■ Biunr ph. 8. Cloudy; windy. 9-11. 
Fine. 12. Cloudy ; rainy. 13. Cloudy ; windy. 14. Fine ; foggy. 15. 
Cloudy; windy. 16. Rainy and windy; haiy. 17. Cloudy ; hail 11 p.m. 
18-20. Fine. 31. Bain y.U. ; windy. 22. 23. Haiy and raany. 2*. 
Cloudy ; during night windy and r^ny. 25. Cloudy. 27- Evening 
rainy; misty; windy. 28. Cloudy; hail p.m.; rainy. 29. Showery; 
windy. 30. Fine ; nuny night. 31. Rainy ; hazy. The Pentland Hilla 
were covered with anow on the morning of the 29th of May. 

CnBiors F*cr. — For several days the artesian well of Orenelle has 
thrown up small black fishes, which have no apparent eyes. This phe- 
nomenon was obsei^ed last year at the same period'. The Academy of 
Sciences has ordered a report to be made on tliat extraordinary fitct. — 
Edinburgh Advertuer, May 30. 

The iiiTs EiRTBQUAEB. — A letter from an inhabitant of note of Quada- 
loupe, dated 7th March, giving an accouot of a phenomenon which 
appears to have been connected with the catastrophe of the 8th Fe- 
bruary, haft been communicated to the Academy of Sciences by the Mi- 
nister of War. M. Celeron, the gentleman in question, relates, that 
between the eastern point of Marie Galante and Ouodaloupe, and in the 
mid channel, a column of water, black in colour, and of large diameter, 
rose from the sea. This appearaDC« lasted about half an hour. M. Co- 
loron adds, that, being well acquunted with the nature of waterspouts, 
he was certain that this was not one, as the column was too vertical, 
and had no communication with the clouds. No doubt was enterttuned 
by him of its being the efibct of a submarine volcano. 



Sboond EAaTBQUAEB 114 THE West Ikdies. 
CflinLRBToii, 2Sd March, — We learn from Captun Smith of the schooner 
Francis Cannaday, that a shock of Earthquake was eiperienced in the 
northern part of Ouadaloupe on the 3d [March). At the time a capbun 
of a vessel, off the north point of the island, mentioned, that it shook the 
vessel with such severity, so that it was with difficulty the crew coul# 
keep their feet. A dense cloud of smoke ascended from the fiassaterre, 
and set^HU fears were entwluned for the safety of that place. At 
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Point Petre tlie atmoBphere was lO impregnated with tbe efiluvia arising 
&om tlie mine of the toffn, ae to be quite unaupportable. Tbe comet 
recently aeen at this place was observed at Bt Tbomaa's on tbe 2d April, 
and was so brilUimt, as to cause oonsidetable alarm to the ioliabit^nte; 
A shock of earthquake was also felt at St Thomas's on the 6th instant, 
about half-past nine at night. No material damaj^ was done. 



Oa the Generation of the Polygaetnc Infvsoria. By Profflssor 
OwEK, F.ILS., &c.* 

Perhaps the most marrellons port of the organiTation and eoonom; of 
the Fotjgostric lafusoria is tliat which relates to the fiioctioti of genera- 
tion. This function, I maj observe, ia the oa\j one which does not ne- 
ceisarilj require a special organ for its performaiice. I am not aware 
that this proposition has been before enunciated, but it will be quite in~ 
telli^ble when the essential nature of the generatiTe process is better 
understood. 

Although both ovaria and testes have been unequivocally demonstrated 
in the Poli/gaMlna, jet tbeir roost common mode of propagation ii quite 
independent ot and superadded to, tbe function of these organs. In a 
well fed Mowu, Lcucopbri/i, Enchtli/i, or Paramt^m, the globular paren- 
chj'me maj be observed to become a little more opaque and apparentlj 
more minDtely subdivided : then a clear line maj be diKcemed, itretch- 
ing itself transversely across tiie middle of the body and indicating a se~ 
paration of the contents into two distinct pails. Tbe containing inte- 
gument next be^B to contract along this line, and the creature to as- 
sume the fbrm of an hout-glaes. This, though doubtless an uncontrol- 
lable, seems to be a spontaneous action, and the straggle of each division 
to separate itself &om its fellow indicates an impulse in each to assiinie 
its iniUvidual and independent character ; the which they no sooner ef- 
fect than they dart off in opposite directions, and rapidly acquire the 
normal size and figure. In the Vortketla and some other species, we 
have examples of spontaneous division in tlie longitudinal direction, 
which commences at the mouth, and extends to tiie irritable and con- 
tractile stem, from which one or both of the new formed individuals de- 
tach themselves. In some species, this spontaneous fission, which cor- 
responds, as I stated in my Lectarea on Generation in reference to the 
ova of the Meduia, in so interesting a manner with the earliest pheno- 
menon in the development of tbe ovum in the higher animals, is arrested 
before its completion, but the partially separated individual continue 
in organic connection, and form compound animals, sometimes in tbe 

* From the Hunt«rian jMHtata on Compkntlve Anatomy, dc41v«r«d at the 
Royal College of Surgeons, London, in 1813, p. 22, &D. 
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Form of long chains, Bometimes branclied, sometinieB erpandiiig to fonn 
a spherical bag, as in (he well-known Volvox globator, which was long 
deemed a single inilividnal of a peculiar Bpeciea. New spherical groups 
of Vohvcet are thrown off into the interior of the parent monadiarj, 
nhich is rent open to allow them to escape. 

Another mode of generatioD is by gemmation or the development of 
buds, which in Bome species, as Cheroma, grow out of the fore part of 
the body, and in others, aa VorticfUa, from the hind part near the st«m, 
or from the stem itself, from which the young animal soon detaches it- 
self. In moat Vgrticeliida, as in Carckcrinm and Epittylit, the small libe- 
rated end of the body opposite the mouth ia provided with a circle of 
vibratile cilia, so long as the Individual swima freely ; but these disap- 
pear when the pedicle is developed. 

With regard to the more common fissiparous mode, Ehrenberg has 
figured gradatioQS of this spontaneous division of the organised contents 
of the integument in the Qonium and Chlamydtmumat, which may be 
compared with the earliest stages of the developmeut of the germ, aa 
figured by Biebold in the Stron^i/ltii and Medtua, by Baer in the frog, and 
by Barry in the rabbit. Dr Martin Barry, who baa diacovered the very 
remarkable and complicated nature of this process in the mammalian 
ovum, was alone perhaps in the condition to fully comprehend and ex- 
plain its analogy to the fissiparous generation of the Polygastria, to 
which, in 1840, I briefly alluded ; and this he baa done in a paper, re- 
plete with interesting generalizations, lately read before the Boyal So- 
ciety. I have been favoured by that indeiatigable observer with the fol- 
lowing notes of his ideas on this subject, 

" Between the appearance presented by the maramiferous germ during 
the passage of the ovum through the Fallopian tube, and those met with 
in the young Volvox globater while within the parent, I find a resem- 
blance which is very remarkable indeed, extending even to minute de- 
tails. Not only do the cells of which the young Volvox is composed 
form a body resembling a mulberry, with a pellucid centre, but the 
cells gradually increase iu number, apparently by doubling, at the same 
time diminishing in size, like the cells of the mammiforous germ ; which 
they resemble alao in being originally elliptical and flat. 

" Some of the points of resemblance now mentioned were recognised 
in the delineation of the Volvox given by professor Ehrenbe^ ; otiiers 
were noticed during some observations I have myself made on this very 
interesting microscopic object. Professor Ehrenberg has figured five 
pellucid globules in a young Volvox just escaped from the parent. 
These, the germs of another set, evidently resulted from division of the 
pellucid mass Tisible in another state : so that here is to be recognised 
fissiparous generation of the kind I have described as reproducing cells. 

" On examining the figures given by Ehrenberg of successive genera- 
tions of the Ghlamydomonas, I see a resemblance to the two, four, eight, 
&c. groups of cells in the mammiferou* orom too striking,- not to sng- 
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gait tiiat tiu piooaBB of fiiimation muet be the amne in both : the eSBen- 
&1 part of Uiu proces* conaistiDg in divisioD of the pellucid nucleus. 
And it is deserving of remark, that Ehrenberg deicribes his Mena$ bica- 
ior eTidently a nucleated cell, as poesiblj an earlj state of the Ciianiy- 

'* Tbe curiouslj symnietTical forma of many of the Baciiiaria appear 
to be due to this two, four, eight, &c. diviBion of the nuclei of ccIIb. 

" The delineations of Goaiunt, Monti vivipara, and OpArjrdiuin given 
by tbe great naturalist just mentioned, afford most satisfactory examples 
of* pellucid globule, dividing and subdividing lite the hyaline in cells. 

" In many other of Ehrenberg's figures of the Polygastric Infusoria, 
the corresponding part appears to me to be denoted by a blue, red, or 
green colour, according as there had been added either indigo, carmine. 
or sap-green. This accords with what has been mentioned in a former 
page, regarding cells, namely, that a foreign substance becomes added 
and assimilated through the hyaline. 

" Fecundation of the ovum takes place in the same manner as nutri- 
tion of the cell, and seems, in some instances at least, comparable to the 
nutrition of one of the Infusoria. 

" But farther, I recognise in Ehrenberg's delineations of the Infusoria, 
not merely a cell-formation, but everywhere the existence of tranaitorj- 
or assimilative cells. 

" And &jther still : the infusorial cells, like the cells of the larger or- 
ganisms, have their origin in globules which become discs or 'cyto- 
blasts;' these passing through stages such as those of ordinary cells. 
Thus in Ehrenberg's Monadina are to be found, I think, the following 
grades, perfectly analogous to. the grades of cells : — 

"1. Qlobales and disca. 

" 2. Disca with a pellucid point. 

" 3. The point dividing. 

"4, Nucleated cells. 

" S. Tbe nuclei dividing and thus giving origin to 

" 6. Young cells, which are seen both within and escaped from pa- 
rent cells. 

" There really seems to have been much truth in the remark long 
since made bj Oken, that animals are groups of bodies comparable to 
tbe Infusoria. The cell is itself a little organism ; and cells coalesce to 
fbrm a larger one. 

" The remarks just made respecting fiuiparous generation, I appre- 
hend, may be applied to gemmiparous reproduction, or propagation by 
means of buds." 

No doubt the minut« Infusoria, which seem to have their development 
arrested at the first or nearest stage from the prioiitive cell-formation, 
offer close and striking analogies to the primitive cells out of which the 
higher animals and all their tissues are developed ; but the very step 
which the Infusoria take beyond tbe primitive cell-stage invests them 
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with a specific chuaoter, as independent and distinct in ite nature as 
that of the highest and most complicated o^anisnu. No mere organic 
cell, destined for ulterior changes in a living organization, has a mouth 
armed with teeth, or provided with long tentocula. I will not )&f stress 
on the alimentarf cauul and appended atoinacbB, which manj still re- 
gard as " BuL jiidice ;" but the endowment of diBtmcto^an* of genera- 
tion, for propagating their kind by fertile ova, i^ses the Folygaibio 
Infusoria much aboTO the mere oi^anic cell. 

In many of the larger species of Folygastria, radiated vesicles, sub- 
tranaparent and coloorless, generally two in number, and situated near 
the two extrenitieB of the body, of a highly irriteble nature, rapidly 
contracting and dilating, have been observed, Iloesel first 6gured this 
contractile vesicle in the Vortieella. In Evcdon, in addition to these ve- 
sicles, Ebienberg likewise discerned another organ, of an oval shape, of 
a dull wliite colour, and of considerable size, placed in the middle of the 
abdomen. It Is easily delected by the want of oolour, when the animtd 
has been well fed and its stomach filled. TIub organ is regarded as the 
testicle, and the contractile radiated bladders as the Veiieula SeminaUt. 
The ovarium occupies a more important share of the general cavity of 
the body. It HHb all the interspaces of the stomachs and intestine 
which are not occupied by the male organs, and consbts of a number of 
minute corpuscles, or nncleated cells, connected together in a reticulate 
form, generally of a green or pink, or some other bright colour, in well- 
fed healthy Poiygaaria, 

The act of generation is attended with the destruction of the parent. 
The ripe ova burst through some part of the abdominal integument, 
and cecape in a reticulated mass, together with the fertilizing fluid. 

By virtue of these diversiGed modes of multiplication, the powers of 
propagation of these diminutive organized creatures maybe truly said 
to be imme>\ie. Multhusian principles, or what are vulgarly so called, 
have no place in the economy of this department of organized nature. 
To the first great law imposed on created beings, " morease and multi- 
ply," none pay more active obedience than the Infusorial animalcules. 

Attempts have been made to calculate approximately this rate of in- 

On the 11th of November, Ehrenberg divided a Paramxciam aurtlia, 
a Polygasteic animalcule measuring one-twelfth of a line in length) into 
four parts, which he placed in, four separate glasses. 

On the 17th of November, the glasses numbered 1 and 4 each con- 
tained an isolated paramiecium, swimming actively about. The pieces 
in numbers 3 and i. had disappeared. 

On the 18th there was no change. 

On the 19th each animalcule presented a constriction across the mid- 
dle of the body. 
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On llie 20th No. I. hod propagated five iodividualB by transTerae 
Rpontaneoui diTiaion : la No. 4. eight indiriduala had in ILk^ manoer 
been generated. 

On the Slat no change had taken place. 

On the 32d there were six nearlj' equal-sized indiTidnala in No. 1., 
and eighteen indiiidualB in No. i. 

On the 23d, the individuals were too numeroua to be counted. 

Thus it was deraouatrated that this apedes of Polygastrian vould 
continne for aiz dap without any diminution of reproductive force, and 
that on one day a single individual twice divided, and one of its divi- 
aiona effected a third fiasion. ' 

A airailar experiment on a Styhnyehia Myiihit, an animalcule one- 
tenth of a line in length, waa attended with nearly the same results ; it 
was supplied with the green nutrient matter, conaisting of the Mona$ 
ptilviiciilui, and on the fifth day the individuals generated by Eucressive 
divisiona were too numeroua to be counted. 

And now you may be dtapoaed to ask : To what end ia thi» discourae 
on the anatomy of beinga too minute for ordinary virion, and of whose 
very existence we should be ignorant unless it were revealed to us by a 
powerful microscope ? What part in nature can such apparently insig- 
nificant animalcules play, that can in any way interest ua in their orga- 
niaation, or repay ua for the ptuna of acquiring a knowledge of it? I 
■bail endeavour briefly to answer these questions. Tlia Polygastric In~ 
fiiBoria, notwithatanding their extreme minutenees, take a great share 
in important offices of the economy of nature, on which our own well- 
being more or less immediately depends. 

Consider their incredible niimbers, their universal distribution, their 
insatiable voracity ; and that it is the particles of decaying vegetable 
and animal bodies wbicb they are appointed to devour and assimilate. 

Surely we must in some degree be indebted to those ever active invi- 
aible scavengerB for the salubrity of our atmosphere. Nor is this all : 
they perform a still more important office, in preventing the gradual 
diminution of theprese:it amount of organised matter upon the earth. 
For when tbia matter is dbsolved or suspended in water, in that state 
of comminution and decay which immediately precedes its final decom- 
position into the elementary gaaes, and its consequent return from the 
organic to the inorganic world, these wakeful members of nature's invi- 
sible police are everywhere ready to arrest the fugitive organised par- 
ticles, and turn them back into the ascending stream of animal life. 
Having converted the dead and decomposing partlclea into their own 
living tisauea, they tbenuelvea become the food of larger Infusoria, aa 
the RoH/era, and of numeroua other small animals, which in their turn 
are devoured by larger animals, aa fishes ; and thua a pabulum, fit for 
the nourishment of the highest organised beings, is brought back by n 
■hort route, from the extremity of the realms of organic matter. 

There is no elementary and aelf-aubeiatent organic matter, m BufTon 
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tauglit: the inorg&iiic dements into which ttie particles of organic 
in8tt«r pass by their final decomposition are organically recomposed, 
and fitted for the sUBtenance of animals, through the operations of the 
vegetable kingdom. No animal can subsist jm inorganic matter. The 
vegetable kingdom thus stands, as it were, between animal matter and 
its ultimate destractioD ; but in this great office plants mult derive most 
important assistance from the Polygastric In/utoria. These invisible 
animalcules may be compared, in the great organic world, to the minu1« 
capillaries in the microcosm of the animal body, receiving organic matter 
in its state of minutest subdivision, and when in full career to escape 
from the organic system, and turning it back by a new route towards 
the central and highest point of that system. 



SCIENTIFIC INTELLIGENCE. 

HHTSOKOLOOT. 

1. Con^waed Daylight within the Arctic Circle — Kothingmadeso 
deep u) imp ression upon our senses as the change from alternate day 
and night, to which we had been habituated from our inFancy, to tha 
continued daylight to which we were subjected as soon as we crossed 
the Arctic circle. Where_the ground is but little trodden, even trifles 
are interesting ; and I do not, therefore, hesitate to describe the feel- 
ings with which we regarded this change. The novelty, it must be 
admitted, was very agreeable; and the adTantage of constant day- 
light, in an unexplored and naturally boisterous sea, was too great to 
allow us even to wish for a return of the alternations above alluded to ; 
but the reluctance we felt to quit the deck when the sun was shining 
bright npon our sails, and to retire to our cabins to sleep, often de- 
prived us of many hours of necessary rest ; and when we returned to 
the deck to keep our night-watch, if it may be so called, and stitl 
found the enn gilding the sky, it seemed as if the day would never 
finish. What, therefore, at first promised to be so gratifying, soon 
threatened to become extremely irksome ; and would, indeed, have 
been a serious inconvenience had we not followed the example of the 
feathery tribe, which we daily observed winging their way to roost, 
with a clock-work reguluity, and retired to our cabin at the proper 
hour, where, shutting out the rays of the sun, we obtained that re- 
pose which the exercise of our duties required. At first sight it 
will, no doubt, appear to many persons that constant daylight must 
be a valuable acquisition in every country ; bat a little r 
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wili, I think, be sufficient to show that the reverse ie really the case, 
and to satisfy a thinking mind that we cannot overrate the blessing 
we derive from the wholesome alternation of labour and rest, which 
is in a manner forced upon us by the succession of day and night. It 
is impossible, by removing to a high latitude, to witness the difficulty 
there is in the regulation of time ; the proneness that is felt by the 
indefatigable and zealous to rivet themselves to their occupations, 
and by the indolent and procrastinating to postpone their dutiesi 
without being truly thankful for that allwise and merciful provision 
with which nature has endowed the more habitable portions of the 
globe. — Voyage of Discovery towards the North Pole, in 1818, by 
Captain Beechey. 

2. An attempt to e^lain the Phenomena of the Free^mg Cavern 
at Orenburg. By Dr Hope.* — This cavern is one of several caves 
which exist in the southern face of a lengthened low hillock of gyp- 
sum. It is entered from the south by a passage rather narrow, and 
is about fifteen feet high, ten paces long, and seven wide, which 
seemed to send off irregular fissures into the body of the rock. 

The extraordinary feature of this cavern is, that during summer 
it is so cold that ice is generated in it, and dry icicles hang from its 
roof; and that, in winter, all appearance of congelation ceases, and 
the temperature becomes such that the Russians say they could sleep 
in it without their sheep-skins. 

Mr Murchison applied to Sir John Herschel.for an explanation, 
and the theory which he proposed is, that the heat and cold of the 
surface gradually move, though very slowly, backward into the rock ; 
that it requires six months for the wave of cold, as he terms it, to 
reach the cavern, and consei][uently, that that frigid wave begins to 
arrive at the commencement of summer, and continues during that 
season, occasioning such a degree of cold in the cavern as to pro- 
duce the congelations described by Mr Murchison. 

At the commencement of winter, the first efiect of the summer's 
heat arrives, and continues without interruption, and occasions 
warmth enough to prevent congelation. 

Dr Hope entirely concurred with Sir John Herschel in thinking 
that alternate waves of heat and cold must exist and have a share 
in producing the phenomena, . and in corroboration quoted the ob- 
servations of Saussure, that at Geneva the winter's cold requires 
six months to descend 29^ feet, and that the summer's heat 



• Fide vol. xxiiv. p. 10, Edinborgh New PhiloBophtcal Jooniil, fbr tceount 
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penetr&tes to tlie same depth in a similar peri<ld of time ; tlia 
maximum of cold taking place at mid-siimnter, and of heat at mid- 
winter. 

But ha also expressed his conviotion that those alternate waves were 
not sufficient to account for the phenomena, further remarlting, that 
were they the only powers empbyed, tho paradoxital phenomena 
should occur equally in sonie of the other caverns of the Orenburg 
hillock, or in other caverns in diPfcrent quarters of the globe. He 
observed, that there must be something peculiar to the lUetykaya 
Zatchita cavei-n which renders it the only cave in the world which 
possesses the singular property, so far as he knevi-. He then al- 
luded to the caverns in different parts of the globe in which ac- 
cumulations of snOw are found in summer, and concurred with Mr 
Murchison in thinking that they have no analogy with that of Oren- 
burg. They are merely receptaclGS of the winter snow and ic6, and 
pi-eserve it during summer, after' the manner of an ice-house.' 

The c^cumatance peculiar to the Orenburg cave is the 'occur- 
rence of the rents and fissures which rise from the back part of 
the cavern. 

The author stated, that if it were granted that theee fissures reach 
the suriace, even by the smallest ramifications, and that they asdend 
within the reach of the alternate waves of heat and cold, tho whole 
phenomena may be easily and satisfactorily explained. He ascribed 
the summer's coldness and congelation to a constant current of cold 
air tlirougli the fissures of tho rock into the cavorn ; and he anp- 
posed that the current is occasioned in the following manner : 'When 
at the close of spring the temperature of the external air and of 
that in the rents is tho same, no particular occurrence takes place ; 
but as soon as the wave of cold begins to make impression on 
the rocky parletes of the fissures, then the air in them will be 
somewhat cooled, contracted, and renilered specifically heavier. 
This bffing so, the weight of the column of air in these rents will bo 
greater than that of a column of equal altitude of the external at- 
mospheric air, and the consequence will necessarily be, that the colder 
air will descend, the warmer atmospheric air from above will supply 
its place, which, in its turn, will be cooled and descend, and thus a 
current of cold air through the crevices into and through the cavern 
will be established. As the temperature of the rocky parietes 
gradually falls with each successive wave of cold, the air in the 
fissures will become colder and colder, and in the same proportion 
will descend more rapidly. ■-■-,. 
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But the n^idit; of dracent do«8 not on\j d;epend upon t^ increaa- 
ing coldneBS of the air in the iisEures, but is further augmented hj 
the warmth of the summer expanding the external air, so that . the 
difference of weight between the external and intemaJ columns be- 
comes greater. In the manner now explained, a current of cold 
air is confitaotly deBcending and flowing through the cavern, produc- 
ing all the surprising frigorific effects displayed irithin it. 

That such a current does exist, Mr Murchison gives a satisfaotory 
proof. He says, "That, upon unlocking the frail door of the cavern, a 
volumcof air, £0 surpassingly keen, struck the legs and the feet, that he 
was glad to rush into a cold bath in front of him to equalize the effect." 
Tliis downward current will continue the same till the close of au- 
tumn, when its course comes to be changed ; by that time the first ap- 
proaches of May's surface warmth will begin to be experienced, the cold 
of the sides of the rents begimi to diminish, and the temperature of the 
external air must have fallen to nearly that, of the internal current. 
As soon as an eq^uality between the temperfttui'es and densities of the 
eternal and internal columns shall have been, established, all cuiTent 
must cease. At this period, namely, the commencement of winter, 
the wave of the summer's heat begins to reach both the walls of the 
air-channels and of the cavern, and gradually communicates a warmth 
which progressively elevates the temperature, and dissipates every 
mark of the preceding summer's congelation. It m^ht at first 
be reasonably expected, that at this time the preceding order of tilings 
would be reversed, and that a current in the opposite direction would 
commence, such as, it is known, happens in many mines ; for, un- 
doubtedly, the temperature of the atmosphere descending rapidiji, 
the gravity of the external air would soon exceed that of the 
internal column, . A current would immediately commence from 
beiow, and, entering from the cavern door and ascending through 
the rents, cs>impe at the surface. . The consequence of such a current 
would be, that the cold would soon reappear in the cave, and 
gradually increase during the severity of the winter, and completely 
overpower the heating influence of the thermal v/am, now beguming 
to operate on the walls of the cavern, and so prerent tim warmth <it 
the cave during winter. 

An occurrence, however, now takes place which pHtsa rtopto Ute vp* 
wai-d draught, and permits the thermal wave to haBaAtefuH influeBCO 
on the temperature of the cavern. The winter ww— inniM viA re- 
peated falls of snow, whicli form n thick coveMHg 4P the surfcoe of 

VOL. XXXY. NO. LXIX. JULY 1843. K 
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tlie earfh, and olosea up all the communioationa bstfroeti the extra- 
tntties of the crevices and the external air, and no current can take 
place. In this manner the inSux of the intensely cold atr into the 
cavern, and its ascent through the fissures, is prevented, and then full 
play is given to the calorific power of the wave of heat which con- 
tinues to arrive in the cavern through its rocky sides during the 
whole continuance of winter, and commanicates the warmth recorded 
by Mr Murchison. In the beginning of summer the snovrs melt, and 
the terminations and ramifications of the fissures have their commu- 
nication with the atmosphere restored. The currents, as already de- 
scribed, are re-established, and all the paradoxical phenomena to 
which they give birth present themselves in due Buccession, 

3. Diidaion of Seaecms, of Demerara and Exsequibo, Sritith 
Ouiana. — 77n Seagom, which only consist of two, are divided into 
^Die greater cmd letser wet, — and 
The ffreafer and lesser dry. 

The greater or longer dry season commences in July, and con- 
tinues nntil November; the range of temperature, as shewn at this 
period by the tJiermometer, is from 80° to 90°, sometimes 91° (but 
very seldom) in the shade. 

From the severe and long-continued drought existing at this sea- 
son, and consequent want of moisture in the atmosphere, the earth 
becomes sterile and unproductive, and the progress of vegetation be- 
comes as much suspended as it does during the winter in the more 
northerly latitudes. 

It is a singnlar circumstance, but not less singular than true, al- 
though not noticed by any author, that during the continuance of the 
long dry season, night-dews are of rare occurrence. 

The «Aott dry season extends from February to April, or Easter. 

IRe greats wet season then begins and continues, generally speak- 
ing, during April, May, June, and not unfrequently part of July. 

The lesser wet season commences in December, and continues un- 
til February. 

According to Count Robert H. Schomburgk's estimate, " the 
mean temperature for the year is 81* 2 ; the maximum 90° ; tie 
minimum 74."" 

Georgetown is situated in Ut. 6° 49' 20" N. ; and long. 68° U' 30" 
N. 

P. S. — The coldest and most unhealthy vrind is that which blows 
from the north-west, 1 invariably suffered from headache, and other 
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unpleaeant BjmptomB of Indisposition, whenever tha wind BhifMd or 
blew from that quurter. 

William Fiuszit, M.D. 
itUe 0/ Jhmerara. 

4. Magdalena Bay in Spilzbergen.' Magdalena Bay wm the 
first port in which we had anchored in the Polar regions, and there 
were, of course, many objects to engage our attention. We were 
■particularly struck with the brilliancy of the atmosphere, the peace- 
ful novelty of the scene, and the grandeur of the various objects 
with which nature has stored these unfrequented regions. 

The anchorage is bounded by rugged mountains, which rise pre- 
cipitously to the height of about 3000 feet. Deep valleys and gleuB 
occur between the ranges, the gi'eater part of which are either filled 
with immense beds of snow, or with glaciers, sloping from the sum- 
mits of the uiountainous margin to the very edge of the sea. Owing 
to the westerly direction of these ranges, and the precipitancy with 
which they rise, the sun never shines upon the southern shore of the 
bay, with the exception of a few hours about midnight during the 
height of summer, and then only at a very low altitude \ whereas its 
rays are exerted with the fullest effect upon the northern shore, which 
occasionally radiates a heat of 57 or 60 degrees. There is, con- 
sequently, the most marked difference between the sides of the bay, 
both in point of climate and general appearance ; for while, on the 
one, pei'petual frost is converting into ice the streams of water occa- 
sioned by the thawing of snow upon the upper parts of the moun- 
tains which are exposed to the sun's rays, the other side is relieving 
itself of its superficial winter crust, and refreshing a vigorous vege- 
' tation with its nioibture. 

This process oi contemporaneous thawing and freezing seems, as 
I shall immediately take occasion to explain, to have been very in- 
strumental in the formation of those stupendous glaciers, which strike 
with astonishment and admiration every person who has an oppor- 
tunity of beholding them. 

In Magdalena Bay there are four of these glaciers, two of 
which are situated on the southern shore, at the margin of the 
sea. The third, which I have mentioned as bearing the appro- 
priate name of " the Hanging Iceberg," appears to have accu- 



» From Captain Beechey'i dtlightfnl volame, toUtltd " A Vojt^ of D)b- 
«(itei7 towardj (he North Pole,'' &c. Ijondon, 1843. 
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mnlatod wtdiout any lateral support, as though a strattni of water had 
iBsnod from a particular spot, and becouio congealed as it descended ; 
thus forming a nucleus, which gradually increased, aud rose as the 
stream poured its watMS over its accnmulating surface, until, in the 
course of ages, the mass has attained its present bulky dimensions. 

The fourth and largest occupies the head of tlie bay, and extends 
from two to three miles inland. Numerous large rents in its upper 
surface, oecasiODcd, perhaps, either by its own motion, or by the sub- 
sidence of its foundation, have caused it to be gratuitously named the 
" ^^^Sg"" W'ay,'' in accoi-dance with the supposed resemblance which 
these fissures bear to the ruts lefl by the waggon. 

From the circumstance of the sea being of great depth imme- 
diately off these glaciers, they are prevented makbg an undue en- 
croachment upon the bay, and, indeed, front filling it up, which, if 
the water were shallow, would, in the course of time, inevitably be 
the case, cither by the grounding of the pieces which break away 
from the frontage, or by the bci^ finding a foundation to advance 
upon. At present, the warmth of the sea prevents the accumula- 
tion of the ice below a certain depth, and, during the suninier, so 
far undermines the accumulation of the winter, that largo maEscs fall 
off by their own superincumbent weight, and are carried out to sea ; 
BO that the berg is thus kept within due bouuds. The frontage of the 
waggon way presents a perpendicular surface of 300 feet high, by 
7000 feet in length. Nevertheless, upon to gigantic a scale is a^l 
nature around, that, sUhough of these stupendous dimensions, neither 
this glacier, nor any of the numerous and beautiful variety, creates 
Inuch astonishment in the mind of the beholder, until he approaches 
within the influence of the blink or luminous haze, which is invaria- 
■ bly radiated by large masses of ice. At this dbtance, tlie wall of 
ice has an awfully grand appeanmce, heightened perhaps by a sense 
of the personal danger to whicb so near an approach must expose 
the spectator ; for large pieces have occasionally broken away from 
this berg, which have done considerable mischief. The soft blue 
tint of the surface of the ice is Lore also clearly discerned, whilst the 
long, sparkling icicles, pendant from the roofs of the caverns, and a 
variety of curious shapes, which may also be traced on the face of 
the glacier, serve greatly to increase the interest and admiration. 

Onaperfectly calm day, when tlie blink oftheiccis Strang, a curi- 
ous deception is produced by the combined effect of the ice below the 
surface of the water, and the purfect reflectiou of that above. The 
sea presents a white, creamy appearance ; the seals sporting on its 
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surface, sefliu to be girimming in a thick inilky Bub&taooe; . and tlie 
ripple, as it sweeps along, occasions loDg white lines, go that' it is 
onl^ hy looking perpendicularly upon the water around the boat that 
its transparencj is peraeived, and the deception is detected- 

In another part of my Journal, it is shewn that the danger of ap ' 
proaching these fragile raasEes of ice is far from imaginary, and that 
there is also a necessity for a strict observance of silence in their 
immediate vicinity. The tact is, that, as tbo berg is constantly 
breaking away during summer, tliero are generally some pieces all 
but on the point of falling, and capable of being detached by the 
smallest concussion of the air i the explosion of a gun scarcely ever 
failing to bring down one of tlio masses. 

In cloudy or misty weather, when the hills are clothed with nowly 
fallen snow, nothing can be more dreary than the appearance of the 
shores of Spitzbergen ; whereas, on the contrary, it is scarcely pos- 
sible to conceive a more brilliant and lively effect than that which 
occurs on a fine day, when the sun shines forth and blends its rays 
with that peculiarly soft, bright atiuosphero which overhangs a coun- 
try deeply-bedded in snow ; and with a pure sky, whose azure hue 
is BO intonse as to find no parallel in nature. On such an occasion, 
the winds, near the land at least, are very light, or entirely hushed, 
and the shores teem with living objects. All nature seems to ac- 
knowledge the glorious sunshine, and the animated part of the crea- 
tion to set no bounds to its delight. Such fi day was the 4lh of June, 
and we felt most sensibly the cliangu from the gloomy atmosphere 
of the open sea, to the cheerful glow tliat overhung the hills and 
placid surface of Kagdalena Bay. 

Although surrounded by beds of snow and glaciers, with tho ther- 
uiometer scatesly above the freezing point, tliere was no sensation of 
cold. The various amphibious animals, and myriadsof birds which 
had resorted to the place, seemed to enjoy, in the highest degree, 
the transition thus occasioned by a few bright. hours of sunshine. 
From an early liour in the morning, until the period of rest re- 
tui-ned, the shores around us reverberated with the merry C17 of the 
little auk, willocks, divers, cormorants, gulls, and otber aquatic 
birds; and wherever we went, groups'of walruses, basking in the 
sun, mingled their playful roar with tlie husky bark of the seal. 

There was certainly no harmony in this strange din; but it was 
at the least gratifying to know that it arose fi'om a demonstration 
of huppy feelings. It was a pleasure of the same character as that 
which must have been experienced by eveiy traveller, who, on some 
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fine bright evening, in a tropic&l climate, has listened to the merry 
buzz of thousands of winged insects which immediately succeeds tha 
setting of the son. And here we cannot fail to notice the manner in 
which the great Author of Nature has varied Hid dispensatiomi. In 
the burning region of Uie torrid zone, the descent of the sun calls 
into action myriads of little beings which could not exist under the 
fierce glare of his meridian ray ; whereas here, on the contrary, it is 
the signal for universal repose- 

This period of the day had no sooner arrived in Magdalena Bay, 
than there was a stillness which bordered on the sublime, — a still- 
ness which was interrupted only by the bursting of an iceberg, or 
the report of some fragment of rock loosened from its hold. These 
sounds, indeed, which came looming over the placid surface of the 
bay, could hardly be considered interruptions to the general silence ; 
for, speedily dying away in the distance, they left behind a stillness 
even more profound than before. 

In the day-tinie the presence of our expedition was not disregard- 
ed. The birds shunned us in their flight, and every noise which was 
occasionally made, sounding strange te the place, sent to a greater 
distance the sea-gulls that were fishing among the rocks, and kept 
on the alert the whole herds of animals, many of which would other- 
wise have been lost in sleep ; causing them to raise their heads when 
anything felt upon our deck, and to cast a searching look aU over the 
bay, as if to inquire whence so unusual adisturbanca proceeded. These 
little alarms, which would have passed unheeded in situations fre- 
quented by man, proved, more than any other incident, how gi-eat a 
stranger he was in these regions ; a feeling which, I must confess, 
. carried with it an agreeable sensation, arising, no doubt, from the 
conviction that we were treading a ground which had been bnt rarely 
visited before. 

When we first rowed into this bay, it was in quiet possession of 
herds of walruses, who were so unaccustomed to the sight of a boat, 
that they assembled about her, apparently highly incensed at the in- 
. trusion, and swam towards her as though they would have torn the 
planks asunder with their tusks. The wounds that were indicted 
only served to inci-ease their rage ; and I frankly admit, that, when 
I considered how many miles we were from our vessel, and what 
might be the result of this onset, I wished we had the support of a 
second boat. We continued, however, to keep them off with onr 
fire-arms, and fortunately came off without any accident. When we 
afterwards oama to anchor, we went better provided, and succeeded 

n,g,t,7l.dM,GOOglC 



New PubUcaiiota. 189 

Id killing Mrenil of these animala upon tbe loa at the head of the 
bay. 

We found some of these monsters fourteen feet in length and nine 
feet girth, and of such prodigious we^ht that we could scarcely 
turn them over. In the inside of seyeral there were round granite 
pebbles, larger than walnuts, and in one we counted two-and-twenty. 
Their hides were bo tough, that a bayonet was the only weapon which 
would pierce them ; and we were not a little surprised at the accounts 
of the early voyagers already mentioned, in which it is stated, that 
a thousand of these animals were killed in the short apace of seven 
hours, by the crew of one vessel. Nor were we leas ourious to find 
out the manner in which they had contrived to pen up on tho shore 
five hundred walruses alive, and keep them prisoners for several 
days, as appears to have been the case in one of the voyages alluded 
to. I can only say, that, had such a task been imposed upon us, we 
should have found it utterly impossible to accomplbh it. 



NEW PDBLICATIONS RECEIVED. 

The following Publications have appeared, or are abont to 
appear : — 

1. Professor Forbes' Work on the Alps We announce with' 

much pleasure the early publication of Professor Forbes' Travels 
through the Alps of Savoy, and other parts of the Pennine Chain, 
with Observations on the Phenomena of Glaciers ; a work which, we 
feel convinced, will be alike interesting to the man of science, the ge- 
neral reader, and the traveller in the Alps. Besides tho valuable 
chapters giving the results of the author's- laborious and ably con- 
ducted investigations on glaciers, the volume contains much that is new 
and curious regarding the Physical Geography, Geology, and Me- 
teorology of tho Alps, and includes narratives of expeditions to many 
of the least frequented and most picturesque scenes, and to some of 
the most difficult Passes in the Pennine Chain, such as the Glaciers 
of Miage and La Brenva, the Passage of the Col du G^ant, the Val 
Pelline, the Col de Fenetres, the Col de Collon, the Glacier of Fer- 
pecle, the environs of Zermatt, the Col of Mont Cervin, Macugnagn, 
Monte Moro, &c. The volume is illustrated by beautiful litbc^raphed 
views, wood-engravings. Sic, and, above all, by a large and finely eie- 
coted Map of the Mer de Glaee of Chamouni, con-itructed from tba 
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materials obtained by Professoi' Forbes during hia minute survey of 

that important glacier. 

2. Sur les vertebros de Squalea vivans et fossiles par J. Mul- 
ler ajid L, Agassi*, Neuchatel, 1843. 4t«. 

3. The Naturalist's Library, conducted by Sir William Jardine, 
Bart., F.R.S.E., F.L.S.. F.W.S.. &c. Two volumes only remain to 
be published of this beautifully illustrated and cheap work. We un- 
derstand it has been eminently successful, and we therefore expect the 
authors and publishers will select some new subjects, and gratify the 
public by a New Series. 

4. Nomenclator Zoologicus, continens Nomena Systematica 6e- 
nerum Animalium tarn Viventium quam Fossilium, secundum Oi^ 
dinem alphabet icuiii disposlta, Auctore L. Agassiz, Fasciculus 111. 
Si IV. Continens Crustacea et Vermes I. E. Entozoa, Turbellaria 
et Annulata, Hemiptera et Infusoria; Polygastrica et Botatoria. 
Quai-tfl, 1843. 

5. The Zoology of the Voyage of H. M. S. Sulphur, under Iho 
command of Captain Sir Edward Belcher, R. N., &c. during tlie 
yeara 1836-42. Published under tho authority of the Lords Com- 
missioners of the Admiralty. Edited and superintended by Richard 
Brinsley Kinds, Esq. surgeon, R. N., attached to the Expedition. 
Mammalia. By John Edward Gray, Esq., F.R.S., &c. Quarto. Of 
this very beautiful and interesting work, No. 1. of The Mammalia is 
now before us. London: Smith, Elder, and Co., 66 Cornhill. 1843. 

6. Deseription of an Extinct Lacertine Reptile, Rynchosaurus ar- 
ticeps (Owen), of which the bones and foot-prints characterize the 
upper new red sandstone at Grinsell, near Shrewsbury. By Pro- 
fessor Owen. Quarto. 1842. Parker, Cambridge. 

7. Eecherches sur la Croissance du Pin Sylvestre dans Le Nord de 
I'Europe. Par A. Bravais et Ch. Martins, Membres de In Commis- 
sion du Kord. 2to. Bruxelles. 

8. Scripture Geology. Part 2d. By Rev. William White. Edin- 
burgh, Bell and Bradfule. 1834. 

9. Description of Whitelaw and Stirrat's patent Water-Mill, with 
an account of the performances of a number of these machines. Lon- 
don, Mechanics' Magazine Oflice. 8vo, pp. 64, with plates. 

10. Fourth Annual Report of the Registrar-Goneral, of Births, 
Deaths, and Marriages in England. London, printed by W. Clowes 
and Sons, for Her Majesty's Stationary Office. 1842. 8vo, pp. S^l. 

1 1 . Report to Her Majesty's Principal Secretary of State for the 
Home Department, fi-om the Poor Law Commissioners, on an In- 
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i{uiry into the Sanitary Condition of the Labouring Population of 
Great Britain ; with Appendices. Presented to both Houses of Fai'- 
liament by Command of Her Majesty, July 1842. 8to, pp. 457. 
Printed by Clowfs and Bona, for Her Majesty's Stationary OfBce. 

12. Address deliyered at the Anniversary Meeting of tho Geologi- 
cal Society, London, on the 17tb February 1843, By Eoderiolc 
Impey Murchison, F.RS,, President of the Society. Bioyal 8to, 
■pp. 119. London, Ridiard and John Taylor. 1843. 

13. An Inaugural Lecture on Botany, considered as a Science 
and as a branch of Medical Education. Bead in King's College, 
London, May 8. 1843, by Edward Forbes, F.L.S., F.B.8., Vice- 
President of the Wernerian Natural History Society, Ac. ; Profeuor 
of Botany in King's College, London. London, J. Van Voorat) 1 
FaternoBt«r Row. 

14. An Address dulivered to the Berwickshire Naturalists' Club, 
at its Anniversary Meeting held at Lowiek, September 28. 1842, by 
George Darling, Esq., President. 

15. Ancient Irish Pavement Tiles, exhibiting Thirty-Two Pat- 
terns, illustrated by Forty Engravings, after the originals existing 
in St Patrick's Cathedral, and Howth, Mellifont, and Newton Ab- 
beys. By Thomas Oldham, A.B., F.G.S.S. L. and D. Quarto. 
.Dublin, John Robertson, Grafton Street ; Longman & Co. London ; 
J. H. Parker, Oxford; and J. Johnstone, Edinburgh. 

16. The Revenue in Jeopardy from Spurious Chemistry, demon- 
■trated in Researches upon Wood-Spirit and VinouR- Spirit. By 
Andrew Ura, M.D., F.R.S., &c,, Analytical Chemist to the Board 
of Ciistoma. London, Ridgway. 1843. 

17- Manual of British Botany, oon tain ing the Flowering Flants-and 
Ferns arranged according to the Natural Orders. By Charles C. 
Babington, M.A., F.L.S., F.G.8., &c. 12mo, pp. 400. London, 
John Van Voorst. 1843. 

18. Thoughts on the Mental Functions ; being an Attempt to 
treat Metaphysics as a branch of tho Physiology of the Nervous Sys- 
tem. 12mo, pp. 254. Oliver and Boyd, Edinburgh, and Srmpkin, 
Marshall, and Co., London. 1843. 

19. Popular Cyclopecdia of Natural Science. By William B, Car- 
penter, M.D. London, W. S. Orr and Co. 1843. Thi» judi- 
ciouely conducted work will, we truet, ere long fitvi itt way into our 
lArarit* <tttd -pahlie teminaries. 

20. Examination of the Cowdie Pine Resin. By Robert Dundas 
Thomson, M.D. 1843. 

vol. XZXV. MO. IXIX. — JULY 1843. o 
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List of patents for Invenliong granted for Scotland fntm 23rf 
March to 2M June 1843 inclusive, 

1. To OttROORT 8b>lb Waitkbh, of Colemsn Street, in the City of Lon- 
don, merchant, being & communication from Bibroad, " improvements in 
tiie manubcture of <3ilorine and chloridee, and in obttuning the osidaa 
and peroiideg of mangaceee in the TeBiduuj liquids of such m«iufiK;- 
ture. — 23d March 1843. 

2. To JtMKS Gbkbhbhiilds, of Monteith Row, Ulugow, gentleman, 
"improvements in the manu&ctnre of compositions for covering roads, 
streets, and other ways and Bur&ces, andinrendering fabrics waterproof, 
to be used for covering buildings, bales, packages, and for other usefid 
purposes." — 23d Marcli 1843. 

3. To Anbb£w Barolat, engineer and brassfounder, Kilmarnock, tn 
the countj of Ayr, Scotland, " certain impcovenents in Instres, chande- 
liers, pendants, and apparatus connected tberevrith, to be used with gas, - 
oil, and other substances, which invention is also applicable to outer 
purposes." — 24th March 1843. 

4. To James Fletcher, foreman at the works of Messrs W. Collier 
and Co., engineers, of SaJford, in the county of Lancaster, "certain im- 
provemoTits in machinery, or apparatus for spinning cotton and othes' 
fibrous substances," — 27th Marcli 1843. 

5. To William Uemoy James of Martin's Lane, in the cit^ sf London, 
civil-engineer, " certain improvements in railways, aoA carriage-ways, 
railways and other carriages, and in the modes of propelling the said 
carriages, parts of which improvements are wftCcable to the reduction 
of friction in other machines. ' — 27th Mardi 1843. 

6. To Ci-iUD Edward Deustcur, of Fricour's Hotel, St Martin's Lane, 
in the county of Middlesex, gentleman, being a communication from 
abroad, " improvements in combining materials to be used for cementing 
purposes, and for the preventing the passage of fluids, and also for form- 
ing and constructing mlicles from such compositions of materials." — 30th 
March 1843. 

7. To JoBEt JucExs, of Putney, in the county of Surrey, gentleman, 
" improvements in furnaces." — 30th March 1813. 

a To Thomas Edgb, of Great Peter Street, in the city of Westminster, 
gwapparatuB manufacturer, "certain improvements in apparatus for 
measuring gas,', water, and other fluids." — 30th March 1843. 

9. To Robert William Siivier, of Henrietta Street, Cavendish Square, 
in the county of Mlddlesexigentiemen, " certain improvements in looms 
for weaving, and in the mode or method of producing phun or figured 
goods or fabrics."— Sd April 1843. 

10. To Jamss Byrou, of Liverpool, in the county of Lancaster, engi- 
neer, "an improved system of connexion for working the cranks of what 
are commonly called direct-action steam-engines.'' — 3d April 1843. 

11. To Pjtbr Kaobnbdsch, of Wetfer-on-Khur, in Westphalia, in the 
Ungdom of Prussia, dyer, now residing in the parish of Lyth, in the 
county of York in England, "certain improvements in the lieatiaent 
of the alum rock or schist, and in the manuhoture and application of fiie 
products derived therefrom." — 6th April 1843. 

' 13. To Robert Faradat of Wardour Street, SoLo, in the county <tf 
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Middleiex, gas-6tter, being a communication from abroad, " improve- 
ment! in Tentilating gaa-bumers, and burners for consuming oil, tallow, 
or other tiiatter«."--6th April 1843. 

13. To WiLUAH BiiiN&RS BoDDY, of the paririi of St Mar;, Newing- 
ton, in the county of Surrey, Burzeon, " improvementa in apparatus, and 
roeanii for opening, shotting, and fastening every description of aliding 
and lifting window-MshoB, windows, and window abutters." — 11th Apn! 
161S. 

14. To Cbahlbb FftBCKHicE Qdiiabd, of Bircben Lane, in tlie city of 
London, notarj^-publlc, being a communication from abroad, " certtun 
improvements in the constructlonof railways, and of nulway carriagea.' 
— l»th April 184S. 

15. To William Edward Nbwton, of the Office for Patents, 66 Chan- 
cerv Lane, in the county of Middleaez, civil- engineer, being a communi- 
cation fi^om abroad, " certfun improvements in the constnutioa of buxea 
for the ailaa or Bile-trees of locomotive «i^^NV wmA ewriBgn, aaif fi>r 
the bearings or journals of iiiniiliiimij in general, and also improvement* 
in oiling or lat^cativg tire same." — 26th April 1843. 

IS. To NiooLAS HiNHi JsAN Fbakoois, Comtb dk CftDitT, of Coouaught 
T^nce, in the coun^ of Middlesex, " certain improvements in rotary 
pomps and rotary steam-engines." — 28th April 1843. 

17. To HiHBiK Zahdbe, of North Street, in the county of Middlesex, 
gentleman, " certain improvements in steam-engines, boilers and fur- 
naces, and in the method of fading the same, as also in the machinery 
for applying steam power to propelling purposes.'' — 2d May 1843. 

18. To PiiBKS Pbllbtak, of Bedford Square, in the county of Middle- 
sex, Esquire, " improvements in the production of light ' — 4th May 
1643. 

19. To WiLiiAH Mato, of Lower Clapton, and Joun Wabmingtok, 
of Wandsworth Road, gentleman, being a communication from tAroad, 
" improvements in the means of, and apparatus for, niann&cturing gase- 
ous liqaors, and for filling bottles and otlier vessels used for holding the 
same, and retaining the contents therein, and emptying the same when 
required."— 4th May 1843. 

20. To Ighak Baoos, of Wharton Street, in the county of Middlesex, 
chemist, " improvements in the production of light." — 9th May 1843. 

21. To Ahdrk Eustaohx Or&tieh Auoustk Maubras, of Comhill, in 
thecityof Iiondon, gentleman, "cert»un improvements in the process and 
appaiatuH for filtering water and other lignids, a part of which im- 
provements ore his invention, and the remainder comoiunicated to hint 
ny a foreigner residing abroad.'" — 17th May 1843. 

22. To CuABLXS Macbice Elizki Sacttib, of Austin Friars, in the 
city of Ixindon, gentleman, being a communication from abroad, " im- 
provements in the manufacture of borax." — 23d May 1843. / 

23. To JoBK Laiho, of Dundee, in the county of For&r, linen mautL- 
&cturer, " improrcments in apparatus far rubbing linen-clothf fAmx 
making in power-looms," — 23d May 1843. 

24. To John Nubut, of Elm Street, Lon^ Lane, BermondsftJ', la tlM 
county of Surrey, enrineer, " improvements in preparing hideS iloA itins 
in the manufocture of certain descriptions of leather." — 23d May 1843. 

2fi. To JossPH Bnaou, of City Eoad, in the county of MidAesex, civil 
engineer and machbist, "certain improvements in machinery for printing' 
oDcotton,Eillr, woollen, paper, oil-cloth, and other fabrics, and matcrriali, 
and certun apparatus to be used in preparing the raouldS) and casting 
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aurbces for printing, and for cert^ modes of prapuinff lurbow pM- 
viouBlf to the deaign being delineated upon theiii."-~33d lUay 19^- 

S6. To Akoieh MiHoB Fkhkins, of Omt Oomm Streat, In the eountj' 
of Hiddlegex, engineer, " improvement in the mannfiuture and melting 
of iron, whicli improvemeatB are applicable for evaporating of fluidi and 
diainfeoting oils.*'— aSth May 1843. 

37. To WitLUM BiiewN, of the city of Olavow, " improvement* in 
themanu&ftureDf porcelain, china, pottery, and earthenware, and vh>eh 
improvement* are also in part applicable to the manufacture of paper, 
and to the preparation of certain pigments or punter colourB." — 26tb 
May 18*3. 

28. To Pkbcbval MosBS Parsons, of Stamford Street, in tbe county of 
Surrey, civil engineer, "oertain improvementi in steam-engines and 
boilers, and in motive machinery connected therewitL"— ^l»t May 1843. 

29. To ALFBan BftnwBB, of Burrey Place, Old Kent Road, in tha 
county of Surrey, wire-worker and felt manufacturer, " improvement* 
in machinery for manu&etnring paper, being a commuBioation from 
abroad." — 1st June 1843. 

30. To CBABLna Cube, of No. 1. Great Winchester Street, in the oitjr 
of London, merciiant, "an improved pyre-hydro pneumatic apparatus, 
or means of generating, purifying, and condensing steam and other va- 
pouM, and of extracting from vegetable substances the soluble portion* 
thereof; as also the application of parts of the said apparatus to otfaer 
lieating, evaporating, and distilling purposes." — 3d June 1843. 

31. To Jonw TiPPAN, of Fitiroy Square, In the county of Middlwex, 
gentleman, being a communication from abroad, " certain improvements 
m machinery for preparing and spinning hemp and such other flbroot 
materials as the same ia applicable to.''. — 5th June 1843. 

32. To JosBPH Bbanin, of Smethwick, in the countv of Stafford, iron- 
master, " improvements in the manufacture of malleablBiron." — 7th June 
1843. 

S2. To JiHiB BoTonu, janior, of Old Paim Iron Works, near Dudley, 
ironmoater, "improvement* in manuiaoturing bars of iron with other 
metals."— rth June 1843. 

34. To BoBHT AiEiiNDBB KiRNKDV, of MancheslMr, in the county of 
Lanca*t«r, cotton- apinner, " certain improvements in machinery to 

' ' ' or sliarpening card* used in carding cotton or other Gbroaa ma- 
-7tli June 1843. 

M. To Mabtvh John Robebts, Esq. of Bryn-y-eaeran, in the oennty 
of Carmarthen, Ekj. " certain improvement* in machioeryfor preparing, 
Bpinning, and windmg wool, cotton, flax, silk, or any other flbron* bo- 
dies,"— 8th June 1843. 

36. To Cbablks Hahcoos, of Orosveoor Plaee, in the county of Mid; 
dlesex, artist, " certain improvements in printing cotton, silk, woollen, 
and other fcbrio*."— 13th June 1842. 

97. To Obobob RoBrH* Booth, of Hanley, in the county of StaSbrd, 
manu&cturer and chemist, " a certain improved mode of applying heat 
from Tarious combustibles to manu&cturing and other useful puipotcs." 
—15th June 1843. 
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. OnFitsiparouaGeneration.* By Martin Babkt, M.D- F.R.SS, 
L. and E., M.W.S., &c. With a Plate. (Communicated 
by the Author.) 

The first eight paragraphs of the following memoir, and the 
notea appended to them, were submitted to Dr Bostock and 
' Professor Owen in April 1S42, at which time I intended to 
present them to the Royal Society, as part of an addition to 
a paper that has since been printed in its Transactions. I 
afterwards withdrew them, as more properly belonging to the 
safoject of the present cotnmtmication. The eight paragraphs 
in question are these. 

1. Among the facts adduced to shew the resemblance be- 
tween the blood-corpuscle and the geiminal vesicle, I men- 
tioned that, in certain states, an orifice is to be discerned in 
the centre of the parietal nucleus of both. The resemblance 
here is very remarkable indeed. With regard to the germi- 
nal vesicle, strong presumptive evidence was brought forward 
to shew, that a substance of some sort is introduced by the 
orifice in question ; and from this circumstance, I denomi- 
nated the centre of the nucleus the point of fecundation. Can 
it be, that the corpuscles of the blood undei^o a sort of fe- 
cundation through the corresponding orifice? The blood- 



■ From B pnper md bcfure ths SqtsI Society of London, ICth Feb. ISO. 
VOL. XXXV. NO. LXX. — OCTOBEIt 1843. F 
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206 Dr Barry on Fit^arom Generation. 

ccHrpnscle, like the germinal TCBicLe, is also prop^ated by 

self-diTision of its nocleos. 

2. The same mode of propagation — ^Damely, by means of 
parent cells, self-diTision of the nuclens fix* this purpose, and 
an orifico in the centre of the nudetis — so far as my observa- 
tions haTO extended, are common to cells in general. So 
UmC tbe Harveyan dictum — Onute vitmm ex ovo, may be 
applicable to the very cells of which an organism is com- 
posed. 

3. Professor Ehrenbei^ is of opinion, that reproduction by 
self-division necessarily produces in the offspring similarity to 
(he progenitors. This remark has reference to some of the 
Infusoria. Now, if what Ehrenberg s^d of self-division, as 
occurring in the entire organism, be just, I think it may, to 
a certain extent, apply to the individual cells and nuclei of 
which the organism is composed ; for, as I have already 
stated, cells are propagated by self- division of Uieir nuclei. 

4. The ovum is fecundated by the introduction of a sub- 
stan<;e into the centre of the nucleus of the germinal vesicle, 
or wiginal parent cell, which then gives oiigin to two young 
cells. As it may be presumed that each of these young cells 
if) endowed with qualities resulting from the fecundation of 
the parent cell, what I wish to be understood as si^^estiug 
is, that such, endowment of the young cells may be referred 
to aeif-dicition,* This division, however, as we saw, does not 
consist in simple separation, but is effected by a process ela- 
btotite in the extreme. The parent nucleus gives origin to 
many cells, and these to a great number of minuter cells, all 
of which disappear by entering into the fonnation of liie two 
young persistent cells. Tbe process seems to be one of as»i- 
milalion, on which depends the re-appearance of the qualities 
of buth parents in the o3spring. 

5. Now, it is deserving of notice, in the first place, that this 
same elaborate process of assimilation is seen to attend the 
reproduction of cells in general, so far as their interior can be 



* It U cariooB, (bat the origiiul poaiUon of tbe f oui^ nnclei is lometlmw 
en t» be.mch as to indece Uw belief that tbe or^toilaalfoT tbe parent Bodenf 
ta lutdeEgone divbion. (8ee Pbil. Ttwu., IMS, PL X , tg. 134.) . . 

;, Google 
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discerned ; and, secondly, that cells in general present a cor- 
responding orifice in the centre of the nucleas, as if provided 
for the introduction of the substance to be so assimilated.* 

6. I conceive that what is seen taking place in the manner 
here referred to, — ^rst in l^e gMminal Tesiele, and then in the 
individual cells, the descenduits of this vesicle, — is not un- 
connected with what we obserte in the reprodaction of the 
entire organigni — ^namelj', a mysterious re-appearance of the 
qualities of both parents in the ofi^pring, manifesting itself, 
as this re-appearance doee, in the assemblage and metamor- 
phoses of the cells.t 

7. I have thus referred somewhat minutely to facts which 
I had previously mentioned, for the purpose of shewing Aat 
they may assist to explain a process described in the foregoing 
pa^r. % There, as well as in one of my former memoirs, cer- 
tain nuclei are delineated as contained within and among the 
■fibres of tissues-! Corresponding nuclei have been seen, 
figured, and described by others ; and it has been conjectured 
that they are the source of new substance ; but the office 
which, more particularly, these nuclei perform, appears iiot to 
have been explained. I conceive them txi be eentrea of aagi- 
milation ; having been led to this opinion by observing, in the 
first place, that they present the remarkable orifice in ques-^ 
tion ; and, secondly, that they are reproduced by self-division. 
They descend in this manner from the nuclei of the ori^nnl 

* That part of the nucleiu to which the oriQce leads, is the port where there 
is B continual origin of flnelj granolar mbstance. (See n; " Il«BCarchea in 
Embi70l(«y, Thiid Series," Phil.* Trans., 1S40, p. 54S, pu. 886 ; va\ the Ax- 
scription of figs. 48 and 4S, in mj paper " On the Corpuscles of the Blood, Part 
II.," Phil. Trans., 1811.) The fact, loo, tbat nude! are found for a vrhile at 
the anrbce of their cells, suggests the idea that they may remain there for a 
purpow uudc^ui to that for which the germinal spot continues, np to a cer- 
tain period, at Uie aurfkoe of it« vesicle In the aruni- 

T Cells, aeeording to mj observBtiona, being propi^ted bj division of their 
nuclei, it appears to ma, that, in reality, tliere is but one mode of reproduction' — 
namely, the fisuparous — for what Is c^led the highest orgaoimn, even atler fe- 
cnndation, is originallf a simple cell. 

X Bee the introductory paragraph. 

g PhiLTranB-184S, Pl.Tl.fig9.83,38; PI. vii. figs.36,3»,«-M, 57: PI. vlii. 
figs, e«; PI. X. figs. 180, 133, 133-137 ; Fl. li. figs. 105. Pbll. Trans. 1841, 
n. xxlii. figs. 136-137 ; PI. ixv. figs. 1G7-I5I>. 
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208 Dr Barry on FiMtiparous Generation. 

cells of develc^ment ;• i. e. from the naclei of the corpuscles 
of the blood. That they are the eource of new substance, is . 
very obvious ; for they may be seen either onwtDding into a 
filament, or becoming spindle-shaped to form one.^ But what 
I wish to add is, that the origin of new filaments in these nu- 
clei appears to me to have especial reference to that assimila- 
tion of which they seem to be the centres. 

8. Although erery nucleus seems to possess a reproductive 
property, there are thus special centres of reproduction. Such 
centres were also particulai'ly indicated in one of my former 
memoirs,! as existing in the epithelium, the pigmentum ni- 
grum, " cellnlar" tissue, and cartilage. In describing the 
first origin of muscle, nerve, and the crystalline lens, also, I 
directed attention to such centres, stating that we might here- 
after see reason for blinking it not unimportant that the con- 
tents of the " primitive" cell, and those of the " secondary" 
cylinder, should have their origin in the nucleus ; and I was 
particularly desirous of connecting this fact with the existence 
of the orifice in question. It will now be seen that I had in 
view the Bubject of assimilation now referred to.§ 

9. Such, then, were my views long since. i| They remain 
unaltered ; and I have the satisfaction of recognising a con- 
firmation of them in the views just published by Dr Carpenter, 
which to me are the more valuable from his having formed 
them without any knowledge of my own, o 

10. Dr Carpenter directs attention to the large number of 
transitory cells which I had shewn in each instance to form a 
sort of pabulum for the central ones, and most justly adds, 
" Is it to be supposed that all Has' cell-life comes into exist- 
ence without some decided purpose flT He considers that 
" the conversion of the chemical compound into the organizable 



t PML Tniu. 1S4S, PI, li, &g. ISO. tbld, 1841, PI. zziL t^. IlO-lla 
t Phil. Tnna. 1811, pus. 118, ISO, 13{>, 144. 
8 Phil. TranB. 1841, par. 162. 

)| It will be IMO fnHn th« preceding pangnq^ that they wen •nentioll; the 
mnw in June 1S41. 
n BritMi ud Foreign Medical BeTieff, No. XXIX., Jan. 1. 1843, p. 270. 
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principle, such aa mucilage into elaborated sap, or albumen 
into fibrin, is effected in particidar situations by the vital 
agency of tranatory cell-life."* 

11. The foregoing paragraphs (1—8) will shew that I go 
farther. Assimilation of the substance introduced into the 
patietal nucleus of the cell appears to me to be pari of the 
process nrhich propagalet the cell. The reproduction of cells it 
essenlifdly Jissiparoug ; and it is a process of assimilation that 
prepares (hem for being cleft. 

12. I proceed to state rather more in detail, yet very briefly, 
the facts on which my opinion rests. 

13. The orifice above mentioned, as contained in a certain 
part of the cell-wall, represents the situation of a highly pel- 
lucid substance, originally having little if any colour. This 
substance exhibits properties remarkable indeed; and as I 
shall have occasion constantly to refer to it in this memoir, I 
may be permitted, for the sake of avoiding repetition, provi- 
sionally to denominate it hyaline,^ a term which seems unob- 
jectionable, from its being descriptive of the appearance only. 
This hyaline is primogcnital and formative. It appropriates 
to itself new matter, then divides and subdivides into globules, 
each of which passes through changes of the same kind. Un- 
der certain circumstances it exhibits a contractile power, and 
performs the motions called molecular. It is this hyaline 
which is the seat of fecundation in the ovum, and it is present 
in the large extremity of the spermatozoon ; it is by successive 
divisions of thb substance that properties descend from cell 
to cell, new properties being continually acquired as new in- 
fluences are applied, but the original constitution of the hyaline 
not being lost The main purpose for which cells are formed 
is to reproduce the hyaline ; and this they do by effecting the 
assimilation which prepares it to divide. The division of the 
Ai/aline is thus the essential part of fiaaiparous generation. 

14. Schleiden was the first to direct attention to what 1 
believe to have been a globule of hyaline in his " cytoblast ;" 
and its various appearances he has faithfully described. But 



■ British and Fordgn Medical Review, No. XXIX., Jen. 1. 1843, p. S71. 
t X term su(ffi;esttJ tu me fiv ProfeBsor Onen. 
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as regards other potntB connected with this globule, Professor 

Schleiden and myself are not agreed. 

15. Schleiden considers the sabstance of the " eytoblaet" to 
be deposited around the globule.* According to my obserra- 
tions, on the contrary, a globule of tibe sabstance in qaesdon- 
— hyaline — appropriated to Usel/new matter; the new matter 
is not deposited around the globule, but the globule, as it ap- 
propriates the new matter, becomes transformed into a disc 
or discoid body corresponding to the " cytoblast*' of Sch!eiden.t 
A pellucid substance then be^ns to make its appearance 
within the discoid body. This pellucid sabstance (hyaline) is 
not, as supposed by Schleiden, the identical previously exist- 
ing globule ; it results from the appropriation of new matter 
by that globule, and now comeg into view at a certain part of 
what was that globule. { 

16. It appears to me then, that the originally independent 
globule of hyaline is the true cell-germ, — the " cytoblast" of 
Schleiden representing only a stage in the formation of the 
cell. 

17. The membrane of the ceU§ is of comparatively small 

• The foliqwing ia the rabttance of a MAtemmit duuU by Proftwar Talenttq, aa 
brlefl; BxpresBlng the Tiem, on tUi Bobject of Shltiden, Schwan^, MiiUer, Heule, 
and hieuelf ; and h being deseriptiTe id' the fint formation of the elements of tii~ 
nee : — In a fluid, nya he, there are precipitated gtannlsa, which are nDCleoli ; 
oTOTiml the nualeoltMUwreiadepodtedaflDeljgnnnlar rabstanceibjirhichUiera 
is fonned the uddImu (" tiytoblait") ; and around tbe nucleus there is jbrmed the 
membnuie of the cell. Tlie prindple of farmatioii of the nadeoi aroumj the -do- 
(^eoloB, is essentially the sa»e tB that of tbe cell anmoii the Dttclens. Valentin 
concludea that this process may 1m deeoribed by the ezpreeaion, heterogeneooi 
finumposltion. 

t The terms ''C^blBst"aiid"NDeI<auofUi« Cell," seem to haTe been used in- 
dlscriminBtely. It Is my opinion that Uiey are very different things, and that it 
ia Important to point out the difference. The " cytoblast" eiiste belore the 
cell. The " nucleus of tha cell" ia sameUmeB that which remune of tbe "cyto- 
blast" after the membrane of the oell ie formed ; and aometimes— the remainB 
of tbe " cytoblast" having been entirely resolved into the contents of the oell — the 
" nucleus'' Is a Bubaequent formation in the same part It is then the " nucleolus" 
enlm^ed, i. <., the " hollow nndeDs" of anthora ; this hollow nuclena being no 
Other than the hyaline in the course of appropriating to itself new matter. 

\ When two or more nucleoli are present, they result from a dlvialoaof tbe pel- 
lucid substance — hyaline — into as many parts. (Par. 13). 

g Ponned, according to my observations, (^ the outer port of the " cytoblast,'' 
and not around it. (Phil. Trans., 1841, p. 20B). 
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imporUoce, — an envelope raised for the operatlm in it of the 
assimtlative process which prepares the substance in its cavity 
to undergo diviEOOn. 

18. Tlie following may serve as a rude sketch of this pro- 
cess of assimilation, and of the generation of new celk to which 
it leads. 

19. In the first pUce» the cell fills with minuter cells, tJie 
g«nn of each of which is given off by the hyaline nucleus of 
the parent cell ; which nucleus then ^propriates to itself 
the result of this cell-formation, — at the same time dividing 
into two halves- 

20. More particolarly, l^e process (as witnessed in the 
ovum) appears to be as follows t — The cells, formed at the ex- 
pense of the parent nucleus, are in concentric layers. The outer 
or first formed layer liquefies, and the second layer enlarges by 
imbibition and assimilation of the substance of the first. The 
second layer in its turn undergoes liquefaction ; and now the 
third, enlat^^g, receives and as^mitates the already combined 
substance of the first and second, and so on, — the assimilation 
becoming more and more complete as it advances towards the 
centre. 

21. This, however, is the merest ontiine ; for the cells in 
the concentric layers are themselves filled with other cells, 
which have arisen in the same manner, — in which the same 
process is going on, — and the product of which is elaborated 
by their parent cells ; the latter, ag^n, being subordinate to 
the first mentioned parent cell. (Far. 19). 

22. The resolt of this many-times-repeated process is, that 
there is produced a mass of highly refractive globules of hyar 
line, which are the essential parts — ^the hyaline nuclei — of as 
many cells.* The mass requires only to be divided into two 
halves ; a change effected by means of two cell-gemis, into 
which the nucleus of the original parent cell divides. These 
two cell-germs have a central situation ; they imbibe the sur* 
rounding pellucid assimilated substance — the hyaline— «s a 
sort of pabulum ; and, as they do so, become two cells, filled 
with the hyaline of other cells ; and now the membrane of 
the parent cell disappears. 

• rhil. Timi, 18J0, I'laUs XXIV,, XXY., XXVJ. 
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23. The two liberated yovmg cells are endowed with quali-^ 
ties resulting from an intimate mixture of the sn^tance pre- 
viously contained in their parent cell, with that (from the 
eeminal fluid) which their parent cell rec^ves : a third sub- 
stance being thus produced. The young cells, containing this 
third substance, are fertilized or undergo a sort of fecuikda> 
tion in their turn ; become parent cells ; produce another 
generation, which pass through like changes: and so on 
(Par. 6).* 

24. Such appears to be the nature of the process I wit- 
nessed in the original cell, constituting the mammiferous 
germ, and in the cells immediately descended from it. I hare 
dnce shewn that other cells present appearances denoting & 
similar mode of origin ; though a parent cell sometimes pro- 
duces man;/ cells instead of two. > 

25. The reproduction of the cell is thus essentially fissipa- 
reus, its contents undergoing division after having been es- 

• I lately cummunicated to the Sodet; the fact that I htd fannd, uid ehewn to 
others, Spemuitozai vAthin the OTum ; and thia alter the easeatial part had divided 
into two Mils. (Plato T., Fig. 1), fin one inBlaiice I counted more than twenty 
in > tingle ovum). It would thiu Mem tliat the orom, besides being fecundated' 
bjaBubttanee recuved Into the ptirC denominated by me the point of ftomditian, 
continuu to be influenced by the seminal fluid. I coDceive that the ipernuitDKa 
may tiab*yrfit£ this fluid, in a manner comparable to that in which the red hlood- 
tUacs elaborate the liquor aaDgninie. (Par. 34.) Perhaps they directly eiaborala 
tbe contenU of the ovum also. (The Bpeimatozoa nhich I aaw within the 
ovom, gradually disappeared by liqaefaction. I thought I saw some of. tliem 
«iithin, as well as between, the cells contained in the orum). I think it poaaible 
that on the quantity of the ao elaborated aubstance that flnda its way into the 
germ, as well as on tbe degree of its elaboration, may depend the amount of re- 
semblance between tbe oSapring and its father. — [I have rectdved a letter tVom 
my friend Profeasor Bohwttnn, dated Loewen. 23d May 1843, informing me of 
the following experiment performed by him in the spring of 1843, in order to 
detennino the influence of the apermatozoa in fecundation. Having removed a 
portion of the seminal fluid from the teatis of a frog, and diluted the same with 
water, he Altered it Uirongh paper. Ova were then taken fVom the ovary of a 
ft'og, and treated in two ways. To some of tbem there was added a portion of 
the fluid that bad passed through the pq>er ; to others, a portion of tiuit which ' 
had not passed through. The fluid that had passed throogh tbe paper did not fe- 
cundate, not a single ovum was developed ; while that which had not passed 
through effected fecundation very well. " From this." says the Professor, " it . 
follows that fecundation requires a substance which is contained in the semin I 
fluid, but which, not passing through the filter, is not dissolved in the fluid."] . 
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similated to the nucleus, which nucleus, therefore, it is that is 
reproduced ; this nnclens heing a portion of the remarkable 
sabstance, hyaline, the production of which I have stated to be 
the mun purpose for which cells are formed. 

26. The changes which the hyaline undergoes, appear to ha 
essentially the same wherever it is found, so that many of 
those which I am about to mention, regarding one class of ob- 
jects, may be understood as essentially applicable to all. 

27- 1 select the corpuscles of the blood as objects very easily 
obtained, and therefore presenting to other observers the 
means of testing the accuracy of my observations. It is pro- 
per, however, to remark, that no observer can learn the struc- 
ture of the blood-corpuscles, who does not carefully investigate 
their mode of origin, and patiently follow them through all 
their changes. 

[The observations here referred to will be found recorded 
in the London, Edinburgh, and Dublin Philosophical Maga- 
zine, 1st May 1843.] 

34. J have no doubt that Dr Henle is right in his opinion, 
that the blood-discs elaborate the liquor eariguinis. But how 
is it that they do so t I apprehend it to be in the manner im- 
plied by the description just given. The red blood-discs ap- 
pear to be floating centres of assimilation. They derive nou- 
rishment from the liquor ganffitinis, which has received the 
chyle ; giving in return, or rather resolving themselves into, 
hyaline. 

38. I am indebted to the Mndness of William Addison for 
a paper just published by him,* in which, after stating that 
the researches forming the subject of it were commenced, and 
many of the results committed to paper, previously to the pe- 
rusal of my memoirs " On the Corpuscles of the Blood,"t the 
author adds, that, so far as bis observations have extended, he 
is enabled to confirm my conclusion. This remark applies to 
" epithelial cells, pus-corpuscles, tubercle, tubercular infiltra- 
tions, and hepatization of the lungs.''J These he finds to be 
derived from the colourless corpuscles of the blood, which 
with me he traces back to the nuclei of the red ones. 



t toe. (ft.p. 4o|c 



214 Dr Barry en Fimporous GeneraHon. 

39. I long since performed the experiment of Miiller, — ^that 
of filtering the fimb-drann blood of frogs, aad thus removing 
its corpnsclea. After some time, s gelatinoiu Hubstsnce wai 
found in the filtered fluid ; but I could discern no fibres in it. 

Fimparous Reproduction of the Muscular Fibril. 
46. Ihavemetwithstatesof the muscular fibril, which, in the 
first place, shew that here also is to be recognised the fisstpa- 
rous mode of reproduction ; and, secondly, may perhaps ex- 
pl^n the cause of the great difference between the observa- 
tions of some others on this tissue and my own. 

49. I saw a double spiral (Plate V. fig. 2, a) — the formed and 
contractile muscular fibril — dividing into two rows of pellucid 
particles of hyaline (^), apparentiy nuclei, that had been con- 
tained within the substance of the interlacing spirals (fig. 3), 
and were now enlarged. In another instance (fig. 2), the nu- 
clei of each row (7) were diTiding (i) and forming new spi- 
rab (i). One fibril appeared thus, by fissiparous generation, 
to be giving origin to two. 

50. The particular mode in which a row of nuclei becomes 
a spiral thread, I have not with certainty ascertained ; and can, 
therefore, do no more than offer the following as probable, 
and as being in accordance with what I have seen elsewhere. 

51. Nuclei, by elongating, form contractile cilia ; and fila- 
ments are seen proceeding from nuclei in opposite directions.* 
Were filaments, thus formed by each half-nucleus (fig. 2, i) 
of two adjacent rows, to assume the spiral form and interlace, 
and the filaments of the same row to then unite, we should 
have the double spiral. (The oblique position of the two rows 
of half-nuclei in fig. 2 3 is not undeserving of notice here.) 

52. There is another subject to which 1 ask particular at- 
tention in connexion with the properties above mentioned 
(par. 13) as inherent in the hyaline— the subject of fissipa- 
rous reproduction of the Infusoria. 

53. The Infusoria compared rvith CeUs.\ — Between the ap- 

• Bee Phil. Trana, 1841, Plate XXII. %. IIS, in wbich SluneoU of "c«llu- 
Inr" tissDS will be fauDd delineated as thna forming. 

1 [On the eubject of the genei'ationof the InAisotia, Prafewor Owen remarks : 
— " With regard to the more common fissiparous mode, Ehrenberg has figured 
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pearaDces preseDted by the mammiferoiis germ during the 
passage of the ovum throngb the ofidnct, and those met with 
in the yonng Vohox glotmtor while within the [purent, I find 
a resemblance which is very remarkable indeed, extending 
even to minute details. Not only do tiie cells of which the 
young Vohox is composed form a body resembling a mulberry 
(fig, 8, d.), with a pellucid centre, but the cells gradually 
increase in number apparently by doubling, and at the same 
time diminish in their size, like the cells of the mammiferous 
germ, which they resemble also in being originally elliptical 
and fiat (|3, y). 

54. Some of the points of resembhtnce now mentioned, I 
recognised in the delineations of the Volvox given by Pro- 
fessor Ehrenbei^ ;• others were noticed during some observa- 
tions I have myself made on this very interesting microscopic 
object. 

5.*}. Ehrenberg has figured five pellucid globules in a young 
FoftTfu; just escaped from the parent.t These, the germs of 
another generation, evidently resulted from division of the 
pellucid mass (the hyaline) visible in an earlier state (fig. 6. *) ; 
90 that here is to be recognised fissiparous generation of the 
kind I have described as reproducing cells. 

56. On comparing the figures given by Ehrenberg of succes- 
sive generations of the Oklamidomonas (fig. 4), with the suc- 
cessive groups of cells (two, four, eight, &c.) in the mammife- 
rous ovum,t I cannot help believing that the process of for- 
mation is the same in both ; the essential part of tbb process 



gradatlonl of this apontaneoiu dlvialoa of the oi^ganUed contenta of the int^u- 
ment In the O/mium and CIdami/domonai, whicli m^ be compared with the 
earlleat stages of the derelopmeot of the germ, as figured b^ Slebold in the 
Stnmgiku ind Unhaa, hj Bser in the Frog, utd bf BUTf in the Babbit. Dr 
Martin Bony, who baa diacorered the yerj remarkable and complicated nature 
of thi) process in the mammalian ovum, waa alone perhaps in the condition to full; 
comprehend and expliun its analog; to the fisatparoue generation of the polygaa- 
tria, to wluch. In 1840, 1 briefly alluded ; tnd this he baa done in a p>p«r re- 
plete with intereatlng generallaatiODB, lately read before the Boyal Society." 
HKMeriaa Lecturet. By Profettor OvKn, F.B.S., from tiota Mitcn by W. W. 
Cooper, M.R.C.S., 1S43. The paper here referred to by Profesaor Owen, is that 
of which the piasent communication is a fact.] 

* Die Infusionethiercbon ala votkommene Organiamen. Leipiig, 1S3S, 

t Loc. Gt. Tab. iv. Fig. 1. 8. 

; Researches in Embryology. Phil. Trani. 183& and 1840. .OoOqIc 
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consisting, as I shewed. In the divMoD of a pellucid mass 
(hyaline) situated in the centre of each cell. And it is de- 
serring of remark, that Ehrenherg describes his Jl^mas bicolor 
(fig. 7.)i evidently a nucleated cell, as possibly an early state 
of the Chlamidomonas )\iA mentioned (fig. 4.)* 

57. The curiously symmetrical forms of many of the BacU- 
laria appear to be due to the same division and subdivision 
of the pellucid nuclei or hyaline of cells. 

58. The delineations of Gonium, Monaa vimpara (fig. 5), 
and Ophrydivm, given by the great naturalist just mentioned, 
afford satisfactory examples of a pellucid body dividing and 
subdividing like the nucleus of a cell. 

69. In many other of Ehrenbei^'s figures of the polyigastric 
Infusoria, the corresponding part appears to me to be denoted 
by a blue, red, or green colour, according as there had been 
added either indigo, carmine, or sap-green. This accords 
with what has been mentioned in a former pi^ regarding 
cells — that a foreign substance becomes added and assimilat- 
ed through the nucleus. Fecundation of the ovum takes 
place in the same manner as nutrition of the cell, and seems 
comparable to the nutrition of one of the Infusoria.t 

60. But farther, I recognise in Ehrenberg's delineations of 
the Infusoria, not merely a cell-formation, but everywhere the 
existence of transitory or assimilative cells. 

61. And fertber still : tlie infusorial cells, like the cells of 
larger organisms, have their origin in globules which become 
discs or "cytoblasts ;" these passing through stages correspond- 

• " I had ofl«n remarked," e&ja W. Addison {loc. at. p. 43), " the very great si- 
mltitude of size and appearance between several tonaiit the polygastric auinial- 
cnlea, and some of the varieties of pus corptuclea. So great is this similaritr, that, in 
man; ingtancea, it would have been difficult to distinguiih the one fram the other, 
had it not been for tite volnnlaiy and vei; active movementB of the animalcoles," 
Tbe same auUior adda, tliat when a polygaatric animalcule is touched b; liquor 
potassffi, its bod; bursts, and liberates the particles called stomachs ; trtuD which, 
and from other circumstances mentioned bj Addison, Dr Carpenter infers that 
the particles in question '' are tells which float in the fluid of the body, and ela- 
borate the materials for its nutrition, in the same manner as do those of thech;I« 
and blood of liigher animals." — (Carpenter, loe. tit., p. Sit.) 

t The orifice in the wall of the germinal vesicle and in that of other cells ap- 
pear also, in some instances, at least, to correspond to the " mouth" of the Infu- 
soria ; this " mouth" having apparently once been an orifice in the parietal nu- 
cleus of a cell. I 

;ilc 
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ing to periods in the life of ordinary cells. Thua in Ehrenberg'a 
Monadina are to be found, I think, the following objects : 

1. Globules and discs. 

2. Discs with a pellucid point. 

3. The pellucid part dividing. 

4. Nucleated cells. 

5. The nucleus dividing, and thus giving origin to, 

6. Young cells, which are seen both within and escaped 
from parent cells. 

62. The same family, the Monadina, present also eUiated 
discs, — the discs being either single, or in groups radiating 
from a centre. 

63. In 1840, I communicated to the Society the fact, that I 
had found blood- corpuscles revolving ; and inl841, delineated in 
another memoir the cilia, by means of which this takes place.* 
These cilia, sometimes presented by the star-like blood-cor- 
puscle, are the elongated discs into which its nucleus or hya- 
line divides. 

64. My observations on Spermatozoa, also communicated 
in 1841, Viewed them to arise in the same manner. 

65. It is not meant that the discs simply become sharp- 
pointed or elongated. So far from this, the process is very 
elaborate. There takes place division and sub-division, so as 
to produce extremely minute discs, which coalesce to form the 
cilia. My belief is, that it is by globules of the pellucid sub- 
stance, so constantly referred to in this memoir — the hyaline 
■ — that cilia of every kind are formed ; the globules first pass- 
ing into discs in the manner above described (par. 16). 

66. How striking the resemblance between some sperma- 
tozoa (fig. 1) and the ciliated discs in Ehrenberg'a Pandorina ! 
(fig. 6). The spermatozoa, as just stated, arise irom division 
of the nucleus of a cell, i. e. from division of the hyaline ; 
and I think it is scarcely less obvious that the ciliated discs of 
the Pandorina have the same mode of origin. 

67. Membrane is formed by the same means as those pro- 
ducing cilia, namely, by division and sub-division into ex^ 

• Phil. Tmu. 1841, Plate XXII. flgi. 104, 105. p. 3%, pw. 134. It ma aUitd 
that tbs exoinimttioD wu nude, in one initauM, IS bran, ud in tlw otbw, two 
d>r> aftw death. 
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tremely minute discs, which in like maaner coalesce ;* there 
being left here and there a oentre for the origin and agsimi- 
lation of new substance, in order to the thickening or other 
modifications of the membrane. In Ehrenberg's OpMrydiwm 
is to be seen, I think, a membrane finrning in thie manner, 
and dividing at one extremity into cUia, destined to snironnd 
the juture " moutfa." DelineatioDS giren by myself of the 
epitbelium-oyliudert render it extremely probable that here 
the cilia arise in the same manner. 

68. The divinon and coalescence of discs now mentioned 
lead to asmmilation ; so that the stnictore into whi^ the 
discs have become converted, at last consists of a substance 
more or less like that of the cell-nucleus or hyaline itself. 
These remarks are applicable to other structures besides 
membrane, — ^for instanee, to cartilage and fibre ; and the facts 
above mentioned r^arding muscle (par. 48-51) seem to in- 
dicate the mode in which, by means of continually enlarged 
and then dividing nuclei (portions of hyahne), the muscular 
fibril| is nourished and renewed. 

^9. The chorion affords, perhaps, t&e best example I have 
met ^th, of membrane forming by the assimilative process 
now described. § For the formation of this structure, blood- 
cells send out processes in screral directions ; the precedes 
interlace, and the pellucid nuclei of the blood-cells follow the 
direction of (that is to say, portions at them pass into) the in* 
terlacing processes. In short, there takes place so extended 
a ^vision and sub-division t^ the nuclei or hyaline, that the 
chorion itself is scarcely less pellucid than the nuclei which 
form it. The albumen seems to pass through, or rather to 
be formed by, an assimilation of the same kind. 

70. The cilia-bearing network of the pwent-wall in the 
Volvos appears to have an origin not essentially differing 
from that which gives origin to membrane. Indeed, I think 
it not improbable that the membranes of many cells — ^for in- 
stance those of the mammiferous germ in the oviduct — may 
really hare a structure comparable to that network of the 



* In WMM Imtances first fonoiog a- apiral thread. 
t PhiL Tnns. 1841, Plate XXI. figs. 96-100. 
X And p«rbapa fibre in general. 

9 See Phil. Trans. 1840, Hate XXVIII. flga. 252, 253, p 
(xii. Uga. e, 7. 8. p. 600. 
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Volvox. And it is not improbable that, revolving as no doubt 
the essential part of the mammiferoits ovum for a ^ort period 
does,* it revolves by means nmilar to thoee which prodnce the 
rotations of the Volvox. 

71- There really seems to have been much truth in the re- 
raark long since made by Ohen, that the larger animals are 
fmrned of bodies comparable to the Infusoria. The cell itself 
is a little organism, and cells coalesce to form a larger one. 

72. The remarks made in this memoir respecting fissiparous 
generation^ axe of course intended to apply also to gemmipa- 
rous reproduction, or propagation by means of buds.t 

73. The ao-ealled " Spontaneoua Generation.^' — Parasitet. 
How do animalcules and vegetable productions arise in the 
infuaions of organic matter I I venture to believe they may 
have their origin in those particles (of hyaline) which I have 
called the true cell-germs (par. 16.) These cell^erms, as 
part of the animal, or v^table organism — ^for instance, in 
tbe elaborated liquor sanguinis (par. 34). or the descending 
sap — would have been developed according to the stimulus re- 
ceived within that organism ; but now set free, each becomes 
developed into an independent organism, capable of pn^agat- 
ing itself, and prodacing a like form, which it does in a variety 
of ways. 

74. Is not this the mode of origin also of the Entozoa, and 
of all pu-asitic growths 1 If cell-germs become developed after 
they havie left an organism, they may surely lead an indepen- 
dent (though parasitic) life within it, — become developed into 
various forms, — and propagate their species.^ 

75. It is kno«-n that the various organisms, and even organs, 
have their peculiar parasites. If the view just mentioned be 
admitted, this is no other than what we should expect, from 

* Profesaor BiechoS' of Heidelberg, on Basing tbe descriptian given bj myself 
(Fhil. TnuiB. 1839, p. 350) of the ■' Botatory motions of a mulbeiry-like object 
la vedoles andsr the mncooi membraiie of the nterui" in th« Rabbit, forthwith 
proceeded to an eiamiiiBtioD of the ora of thia animal « tiuif lay in the ovidtiet, 
and found what he calli the " yelk" in a revolving atato : the lotatioas being 
produced by cilia. (MiOler'a Arohiv, 1841, Heft 1). 

t Both attached and eeparated. 

! I found in the blood of a heirt that had been kept foi aeveral dayi, moving^ 
viAnVlike bodies, which appeared to have been derived from the nuclei of eoi^ 
pnscleB of the blood ; and in what was apparently an otuid, escaped into the Fal- 
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specific pecnliarities of the organisms. It is in perfect keep- 
log, too, with the known fact, that the kind of animalcule in 
an infusion very much depends on the kind of organic matter 
decomposing in it. 

76. Farther, the divisions and subdivisions of that remark- 
able substance, the hyaline, to which I have so constantly re- 
ferred, effected as they are by a process of assimilation, in- 
cline me to believe, that even the minutest germ of the mi- 
nutest disc and cell is derived from a previously existing germ. 
The mysterious reappearance of parental qualities in offspring, 
we probably shall never fully understand ; but certainly the 
mystery is not lessened by the idea of "spontaneous generation." 

LoNDOB, 36. 1 ma. (Janvary) 1343. 

Explanation of the P/ote.— Plate V. 
Fig. 1. Habbit {Leput Ctmieulut, LiNH.) Outline of an ovum of 24 
houTB from the middle of the Fallopian tube. Spermatozoa 
are seen in ite interior. This was the case with Beveral 
other ova of this rabbit. One cont^aed more than twenty 
apermatozoa. /, " Zona pellucida." hi, Thegerm. (Psc.23, 

Fig. 2. Muscle from the heart (ventricle) of a frog (see pars. 48-51.). 
Drawn as magnified 600 diameters. 

Fig. 3. Scheme shewing the situation of the nuclei in the muscular 
fibril (see pars. 4&-51.) 

Fig. 4. CUamidominuu Pulviteultu. — Stages of self-division. Tliis 
figure is from Professor Ehrenberg, who considers the pel- 
lucid part in the centre to be the " spermatic gland.'' (Far. 
66.) 

Fig. 5. Monat vivipara, ■ Is undergoing self-division. This figure 
is from Ehrenberg, who remu'ks respecting ■ : "In its in- 
terior is to be recognised the incipient division of the cen- 
tral spermatic gland, and three swidlowed specimens of 
Chlamidomonat pahiieulut; two of which remain in one 
half, and one in the other." (Par. 58.) 

Fig. 6. PandoritM Morum. From Ehrenberg, who remarki, that the 
contained animalcules " appear crowned." (Far. 66.) 

Fig. 7- Monat bicdor. From Ehrenberg : " Perhaps only a state in 
the development of Chlamidomonm." (Par. 66.) 

Fig. 8. Vohox Giobalor. From Ehrenberg. " First stc^s in the de- 
. velopment of a young Volvox ;'' • being the earliest, and 
I the most advanced. (Pars. 53-55.) 

lopian tat>« without imprsgnatiaD, I aaw a bod; having a fonn aomewhat ths 
tune. This body, I tbiuk, ms/ hsva bad its origia in the matvia gtrminativa of 
tbeoi-um. le 
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Ah Attempt to Explain the Leading Phenomena of Glacier*. 
By Professor FoRBES, Sec. F.R.S., &;c.* 

The dilntfttioii tiie(»7 cotuidered, and compared with obserrBtion — 
the gTavitatioD theoiy examined — the authoi'a theory proposed — 
glaciers really plaatic — oonditionB of fluid motjon— compared with 
those of a glacier — efibct of viscosity — the reined structure of the ice 
a coDsequence of the riscous theory — illustrated hy experimenta— 
D of a glacier to a river — conclusion. 



" lUen ne me paralt plas clajrement d^montr^ que 1e mouTement pro- 
gressif des glaciers vers le bas de la valine, et rien en meme temps 
ne me semble plus difficile k concevolr que la maniere dent s'ei^cute 
ce mouTemeut si leut, si in^gal, qui s'ex^ute sur des pentes diff^ntes, 
sur tin sol garni d'aspMt^, et dans des canaux dont la largeur varie A 
ohaque instant. Cest Ik, selon moi, le ph^nom^e le moins explicable 
des glaciers. Marche-t-il ensemble cootme uq bloc de marbre sur un 
plan incline f Avanoe-t-it par parties brisks comme les cailloui qui se 
snivent dans les couloirs des Montagnes? B'afluaEe-t-il sur lui-m£me 
pour couler le long des pentes, comme le ferait une lave k la fois ductile 
et Uquide f Les partiefi qui se d^tacbent vers les pentes rapides suffisent- 
ellea k impiimer du mouvement k celles qui reposent sur une surfiuw 
horizontale? Je I'igaore. Feut-etre encore pourraitron dire que dans 
les grands froida I'eau qui remplit les nombreuses crevasses tranaversales 
du glacier venant k se congeler, prend son accioissement de volume ot- 
dinure, pousse les parois qui la contiennent, et produit unsi un mouve- 
ment vers le has da canal d'^coulement." 

Kendo, Tkiorie det Oladert, p. 93. 

I have already etated the usually received opinions as to the 
cause of the formation and maintenance of glaciers. We 
found that authors are pretty well agreed in considering that 
the snow which falls on the summits of the Alps becomes 
converted into ice by suceessive thaws and congelations, but 
that the details of the process are by no means so well under- 
stood, and that the immediate cause of the descent of these 
frozen masses towards the valleys has been very differently ex- 
plained. 

The chief theories we reduced to two ; the theory of DILA- 

* From ProfeiKor Forbes' delightful volame, entitled, TravtU Ihroa^h tht 
Alfpt of Savoy and nlhtr partt of the Tenant CAom. 

VOL. XXXV. NO. LXX.— OCTOBBK 1843. 4 
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TATiON and that of geatitation. On the former the ioe 
is supposed to be pressed onwards hy an internal swelling of 
its parts, oee^ioned hy rapid alternations of freezing and 
thawing of its parts, or rather by the continual formation of 
minute crevioeS) into which water, derived from l^e warmth 
of the snn and the action of the air on the surface, is intro- 
dtic6d, and where it is frozen by the cold of the glacier, whose 
bulk it thus increases. On the theory that gravi^ or weight 
is the sole cause of glacier motion, the ice, lying on an inclined 
pliwe of rock, is supposed to slide over it, by its natural ten- 
dency to descend, aided by the action of the earth's warmth, 
which, on the hypothesis of De Saussure, prevents it from 
being frozen to the bottom. 

It may be proper now to enqoire shortly what light hae 
been thrown upon ^ese two theories by the observations de- 
tailed in a formef part of tbU volume. 

Of the facts which I have established with respect to the 
motion and structure of the ice of glaciers, two seem at least 
to be not opposed to the theory of DILATATION. I mean tJae 
more rapidmovementof the glacier at iU centre, and the itifiUra- 
tion ofiu mag» by water permeating the capillary fissures. The 
former fact having been unknown to the supporters of the dila- 
tation theory, has not been adduced by them in its favour ; which 
it is, indeed, only thus much, that a body having a certain 
consistence and variability of form, when subjected to owy pres- 
sure, whether internal or external, will yield soonest in those 
parts which are least retarded by friction. This fact, how- 
ever, has no direct bearing on the cause of the pressure. 

The latter fact would be entirely favourable to the theory of 
De Charpentier and Agassiz, could it be carried out in its con- 
sequences, in the manner which they suppose. But it is not 
enough that there be capillary fissures and crevices, and that 
these he filled with water, — that does not help the matter at 
all, — it must also be shewn that fliat water undergoes conver- 
sion into ice, so as to dilate it at the time, and to the extent, 
required for the motion. Iconceive that the observations which 
I have made, shew such a cause of motion to be Inconsistent with 
the phenomena; and this inconsistency is two-fold, first, from the 
direct evidence that, though the ice is permeated by water, yet 

, Google 
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the water freezes rarely, and to an insignificant extent ; ajid se- 
oondly, from the motion of the glaoier in its different parts, 
and at difierent times, being at variance with what must have 
held tme upon the theory in qnestion. 

1. The water included in a glacier ia rarely in a freeing 
oonditiou. I need not now repeat the arguments which I 
have adduced to eb»w, that, apoa every principle of the doc- 
trine of heat, especially the doctrine of latent heat, it is 
impossible that the transient cold of the night should in any 
cirenmstauces produce more than a superficial and most im- 
perfect congelation,' — that to suppose any thing else, would bo 
to suppose in a glacier an indefinite supply of cold,* contrary 
to first principles, and to direct observations with the ther- 
mometer on the temperature of the ice, which ha« been found 
byM.Agassizhlmaelf to be constantly, and at all depths, with- 
in a fraction of a degree of 32°. But besides this, the most 
direct observation shews, that the nocturnal congelation, which 
is BO visible at the surface, drying up the streamlets of water, 
and ghizing the ice with a slippery crust, extends to but the 
most trifling depth into the mass of the glacier. This is so evi- 
dent, upon consideration, that when fairly placed before him, 
M. de Charpentier has been obliged to abandon the idea that 
the diurnal variations of temperature prodnce any efl^ct. In 
truth, there is positive evidence that no internal congelation 
takes place during the summer season, when the motion is 
most rapid, and when, therefore, the cause of motion must be 
most energetic. Of this I will give one striking example. 

Towards the end of September 1842, when a premature win- 
ter had covered the Mer de Glace with snow, and lowered the 
temperature of the air to 20° Fahrenheit, I had occasion to 
make an expedition over nearly its whole extent, in the direction 
of the Glacier de L^haud, in order to observe the marks which 
had been placed in that direction, and to determine the motion 
of the higher parts of the ice. The excursion promised to be far 
from agreeable. The sky was lowering when we started from 

* Thi* ugiimeDt bu bean veil put by M. B1i« do Buamont, with hii ac- 
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the Montanvert, and it eoon began to snow, and continued to do 
eo with little intermission during the day. The Mer de Glace 
had been covered with snow for a week ; at the Montanyerti 
to a depth of six incheo, but in its higher parts of not leas thui 
a foot and a half. I was not sorry, however, to have an op- 
portunity of ascertaining the conditions of the ice, under cir- 
flumstanoes so critical for the theory of dilatation, for now, if 
at any time, the freezing and expansive efiects of oold ought 
to be visible, the ice having been completely saturated by the 
preceding wet weather, and, it might be supposed, effectually 
cooled by five days of frost. As the walk promised to be labo- 
rious, if not difficult, owing to the thick coating of snow, I 
took with roe David Couttet of the Montanvert, and Anguste 
Balmat, as usual, with the instruments and provisions. We 
started in a lowering morning at half-past dx, and in less than 
an hour it began to snow, with a drifting wind, though for- 
tunately without cold. To most persons, the journey would 
have been an alarming one, but we were alt three so intimate- 
ly acquainted with the surface of the ice, and the direction of 
the moraines, that we had no fear of losing ourselves. It re- 
quired, however, all Auguste's intimate knowledge of the gla- 
cier to keep us clear of dangerous crevasses and holes ; for 
the enow was often knee-deep, and the glacier and moraines 
alike filled with innumerable pit-falls. We crossed the mo- 
nunes, as usual, near the Moulins, and visited the stations B 1 
and C. We then kept nearly under the ice-fall of the Glacier 
du Talfefre, and reached with precaution the higher glacier 
of L4chaud, on our way to station E, where I anxiously wished 
to make an observation of the progress of the glacier. But 
now the bad weather increased so much, that we were glad to 
get behind a great stone and eat our breakfast, waiting for a 
favourable change. The wind blew in strong gusts from the 
Grande Jorasse, tossing the snow about eo as to render all ob- 
jects at a distance undistinguishable, thus threatening to make 
our expedition ineffectual, for the rock called the Gapucin du 
Tacul, which was my index for the bearings on the glacier, 
from station E, was hopelesdy invisible. After some delay, 
the storm abated, and the Pierre de Beranger, whose arimuth 
I had fortunately taken as? a check, shewed itself. We there- 
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fore adYanoed up the glaoier^ but again the storm thickened, 
and as we got to the foot of tbe rock on which station E was 
fixed, David Couttet (who bad hitherto been the ohlef ear 
oourager of the expedition) said quietly, " Nous alions faire 
une bStise," and proposed to return, for we were half blinded 
by the snow. I be^ed, however, that we might at least stop 
and take shelter as before. We did so, and profiting by a few 
minutes' pause in the drill, I fitted up my theodolite, and took 
an observation of the motion of the gUoier since my last visit 
with due care and deliberation. We then returned nearly aa 
we had come, fortunately without accident, and reached the 
Montanvert after nine hours' absence. What struck me moat 
in this expedition was, that even at the highest station, which 
is 7900 feet above the sea, and in this severe weather, the ice, 
far from being frozen to a great depth, appeared charged with 
water as usual, except at the surface. The stick which marited 
the point of the glacier observed, and which I expected to find 
firmly frozen into its place, was ttandit^ in water in its hole 
in the ice, and of course quite loose. The surface of the gla- 
cier generally was dry, — there was not a rill of water in the 
Moutins, or elsewhere : yet the congelation had scarcely pene- 
trated at all. Couttet and Balmat were all the time afraid of 
treading into a watery hole, and thus getting their feet frozen, 
an accident which I thought very unlikely to happen ; but they 
both did get their feet wet in the course of the day. Hence 
there can be no doubt, that, as Couttet very distinctly express- 
ed it, the snowy covering kept the glacier warm, just as it 
does the ground, and that the cold penetrates extremely slowly 
even when winter arrives. I may add, that near the Tacul I 
found no difficulty in obtaining a draught of water by break- 
ing the crust of ice formed on a pool in the glacier under a 
stone. It was on this excursion that I observed the blue 
colour of snow, previously mentioned, wbiofa was most dis- 
tinctly perceptible by transmitted light, whenever the snow 
was pierced by a stick to a depth of six inches or more. It 
was at one part of the glacier that this was most evident, 
which I attributed to the particular degree of aggregation 
which it had tiiere, neither very dry nor very moist. 

From the incidents just related, I think it seems to be de- 
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monstrated beyond & doubt, that, at least, any transient im- 
pression of cold is quite incapable of converting the infiltrated 
water into ice at any depth in the gjaoier. 

2. At the same time that the preceding obBNTatioos were 
made, the rate of motion^of the glacier was earefiUly observed ; 
fur I concluded, as a matter of certainty, that, if the dilata- 
tion theory were true, a sadden frost succeeding wet wearier 
must inevitably cause the glatrier to advance far more n^dly 
than in summer, or, indeed, at any other season ; foe there 
could never possibly be more water to be frozen, nor could cold 
ever act with more energy than at the time in question. What 
the ^icts were, we have already seen m the seventh chapter, 
where it appears, both from the tables and figures, that the 
progress of the glacier was retarded during the cold weather 
which prevailed from the 20th to the 25th September, and 
that it readvanced when the thaw had taken place some days 
later. 

3. The motion of the glaciers during winter, established in 
the same chapter, is directly contrary to the cMiolasions in- 
variably drawn by the glacier theorists from their supposed 
immobility ; since they consider, that, while the Racier is com- 
pletely frozen, and has no alternations of congelation and thaw, 
there can be no dilatation. 

4. My experiinents shew, that the motion of a glacier daring 
the day and night is sensibly uniform, which is contrary to the 
same view. 

5. The rate of motion of tiie glacier at different parts of its 
length has been shewn to be by no means such as the expan- 
sion of an elongated body, supported at one end, and pushed 
along its bed, would occasion. 

6. The advocates of the theory of dilatation have rightly 
maintained, as a consequence of the theory, that the ice will 
expand in all directions, and consequently upwards, that being 
the direction in which the resistance is least of all. They 
thence conclude, that, whilst the ice wastes by melting at the 
surface, the surface will be raised by the inflation of the in- 
terior mass by the expansion of freezing water, and that its 
absolute level will thus be maintained, or will even rise, not- 
withstanding the daily waste. They profess to have made 
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experimeDts which eoofirm this view ; but I have already 
stated, that roy own are entirely at variance with it, the abao- 
late level of the ioe lowering with great rapidity during the sea- 
son of most rapid motion ; a conclusion which is entirely con- 
firmed by the observations of MM. Martins and Bmv^s, lately 
published.* 

On these, amongpt other grounds deduced from lUrect ob- 
servation, I consider the dilatation theory m^ntained by ScheU' 
chzer, De Cbarpentiert and ^^rassiz. as untenable. 

In the next place, let us cooader the sliding theory of Chru- 
ner and De Sanssure. 

As I understand the GBATITATION theory, it supposes the 
mass t^ the glacier to be a rigid one, sliding over its trough 
or bed in the manner of solid bodies, assisted, it may be, by 
the melting of the ice in contact with the soil, which possesses 
& proper heat of its own, and which lubricates in some degree 
the slope, as grease or soap does when interposed between a 
eliding body and an iDclined plane. It is only in so far as 
the theory is considered as applicable to a ri^d body, that I 
have objections to state to it. 

1. In the case of the greater number of extensive glaciers, 
there are notable contractions and enlargements of the chan- 
nel or bed down which they are urged. Let any one glance 
at the Mer de Glace, and see two extensive glaciers meeting 
at the Tacul, forming a vast basin or pool, from which the 
only outlet has a less breadth than the narrowest of the tribu- 
taries ; the idea of sliding, in the common legitimate sense of 
the word, is wholly out of the question. 

2. We have already seen that the ice does not move as a 
solid body, — that it does not slide down with uniformity in 
different parts of its section, — that the sides, which might be 
imagined to be most completely detached from their rocky 
walls during summer, move slowest, and are, as it were, drag- 
ged down by the central parts. AH this is consistent with 
motion due to weight or gravitation ; but not vrith the sliding 
of a rigid mass over its bed. 

* JimaUt dtt ScieiKei Geologt^iut, par BivHre, 1S43, 
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3. The inolinstion of the bed ia eeldom sach as to render 
the overccnniDg of such obstacles aa Uie elbows and prominen- 
oes, contractions and irregalarities of the bed of glaciers, even 
oonceivable, being, on an average of the entire Mer do Glaoe, 
only 9°, a slope practicable for loaded carts ; but the greater 
part of the sur&ce inclines loss than 5", which is below the 
steepest slope on the great highwa; of the Simplon, an artil- 
lery road. 

4. It has been conrinoingly proved by me. that the mo- 
tion of the giacier varies not only from 'one seaaon to an- 
other, but that it has definite (thoagh contioaooa) changes 
of motion, simultaneous throughout the whole, or a great part 
of its extent, and therefore due to some general external 
change. This change has been shewn to be principally or sole- 
ly the effect of the temperature of the air, and the condiUon 
of wetness or dryness of the iee. In order to reconcile this 
to the sliding theory, it should be shewn, that the disengage- 
ment of the glacier from its bed, depends on the kind of weather 
which affects its earfaoe and temperature. In no part of the 
sammer is Uie glacier actually frozen to its lateral walls ; the 
difference, then, must be due to the action uf the earth's heat, 
in gradaally melting away the irregularities of the interior 
surface of the ice, in contact with the rocky bed on which it 
reposes. I have already said, that I consider such an influ- 
ence of the proper beat of the earth to be distinctly included 
in De Saussnre^s theory, as it has been stated by himself, and 
understood by his successors.* It was, however, suggested to 
me very distinctly by M. Studer last summer, as not incon- 
sistent with a motion by gravity without acceleration ; and I 
admit the ingenuity of the thought, which, as it will be seen 
in the sequel, I am disposed to allow, may be one may of gla- 
cier motion, though not exactly the cause of it. The same 
thought was afterwards suggested to me by Sir John Her- 
schel, and more lately I have seen it stated, that Mr Hopkins 

* Any ons wbo carefully reads De Saiuanre's S S3S in connacUoa with g S33, 
will be conTinced that he givea all due weight (we ebould b« Inclined to aa.y 
mart than doe weight) to the efftets of BUbterronean bnt la delachmg the ica 
(Void i(a bed, lubtitatmg it on Ita bed, and e-nn tlevaling it over obitaclea bj the 
hydrostatic pressure oTcuDfined water. 
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of Cambridge, the author of an ingenious pamphlet on the 
theorj of glacier motion, has illustrated it by experiment.* 
Bnt this is an efiect which must remain nearly the §amfl at aJI 
eBasone, being dne to the constant flow of heat from the interior. ' 
6. The flow of heat from the interior ia so very trifling that - 
it may be doubted whether it is adequate to prodaoe the par- 
ticular effect of wearing off the prominenoee of the descending 
ice, or of moulding it to the form of the channel. In order to 
do so to any eflectuol extent, it wonld be neoeaaary that pro- 
minences of many feet or yards in extent sboold be melted 
away in a moderately short space of time. Now, what is the 
fact t M. de Beaumont has estimated.t by the theory of Fou- 
rier, ftom the observations of Arago oa the earth's tempera- 
tare, that the quantity of central heat which reaches the sop- 
face of the earth, is capable of melting 6^ millimetres of ice, 
or exactly a quarter of an English inch in the gpace of a year. 
Now, even admitting (as I think we may), that if the surface 
of the earth were covered with ice, the flow of heat would be 
somewhat greater ; still it must be admitted to be incapable of 
disposing of portions of ice insignificant compared to the in- 
equalities which oppose its downward progress. 

6. This small quantity of heat is not ^ways applied (as Pro- 
fessor Bischoffl and M. Elie de Beaumont have justly remark- 
ed) to melt the ice of glaciers. Below 32° it will simply tend 
to raise the temperature of the ioe in contact with the soil, 
and powerfully adhering to it. The almost pendant glaciers 
of the second order, which are seen only at great heights, 
those, for instance, on the precipioes of the Mont MaUet, must 
remain permanently frozen to the rook. Nevertheless, they do 
actually descend over it, for they continually break off in fresh 
avalanches. This is a fact which neither the theory of dila- 
tation nor that of gravity, as oommonly stated, is o^)abIe of 
explaming. 

• Since wiiUng Uw tban I have been Indebted to Hr Ho^iu fbr ■ totbv 
ftetemeDt of hie -riewB. 

i JnnaUi da Stimctt Oiologiqatt, par MvHre, 1848. 
} irdntelOiTe, p. 101, &i. 



n,g,t,7l.dM,GOOglC 



230 Professor Forbes on the Leading Phenomena ofOkaUn. 

After tiie detailed tiiough scattered dedaotions Trhioh have 
been made m tJie course of Hub work, from ob8ervati<HiB OQ 
the Movement and Stmotore kA Glaoiers, as to the oause of 
these phenomena, little remains to be done but to gather to- 
gether the fragm^its of a theory for which I have aideavonred 
gradnally to prepare the reader, and by stating it in a some- 
what more connected and precise form, whilst I shall no doubt 
make its ineompleteness more apparent, I may also hope that 
the candid reader will find a general oonsiatenoy in the whole, 
which, if it does not command his unhesitating assent to the 
theory proposed, may induce him to consider it as not unwor- 
thy of being farther entertained. 

My theory of glacier Motion then is 1^ : — A olacieb is 
AN niPEBFECT PLDID, OE A VISCOUS BOOT, WHICH IS URGED 
DOWN SLOPES OF A CERTAIN INCLINATION BY THE MUTDAI. 
PRESSURE OP ITS PARTS. 

The sort of con^stency to which we refer may be illustra- 
ted by that of a moderately thick mortar, or of the contents of 
a tar-barrel, poured into a sloping channel. Either of these 
substances, without actually assuming a level surface, will tend 
to do so. They will descend with different degrees of velocity, 
depending on the pressure to which they are respectively sub- 
jected, — ^the friction occasioned by the nature of the channel 
or surface over which they move, — and the vUcoaity, or mu- 
tual adhe»veuess, of the particles of the semifluid, which pre- 
vents each &om taking its own course, but subjects all to a 
mutual constraint. To determine completely the motion of 
such a semifluid is a most arduous, or rather, in our present 
state of knowledge, an impracticable investigation. Instead, 
therefore, of ^ming at a cumbrous mathematical precision, 
where the first data required for c^culation are themselves un- 
known with anyldnd of numerical exactness, I shall endeavour to 
keep generally in view such plain mechanical principles as are, 
for the most part, sufficient to enable us to judge of the com- 
parability of the facts of Crkcier motion with the conditions of 
viscous or semifluid substances. 

That Glaciers are semijluids is not an absurdity. 
The quantity of viscidity, or imperfect mobility in the par- 
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tides cX flnids, may have ever; oonceivable variatioa ; the ex- 
tremes are perfeot Suidity on the one hand, and perfect rigi- 
dity on the other. A good example ia aeen in the process of 
consolidation of common plaster of Paris, which. &om a eon- 
nstenoy not thicker than that of milk, gradually assumes the 
solid state, through every posrable intermediate gradation. 
Even water is not quite mobile ; it does not run through ca- 
pillary tubes ; and a oertain inclination or fall is neoesBuy to 
make \iJlow. This may be roughly taken as an index of the 
quality of viscidity in a body. Water will run freely on a 
slope of 6 inehes in a mile, or a fall of 1-10,000 part,* another 
fluid might require a fall of 1 in 1000 ; whilst many bodies 
may be heaped up to an angle of several degrees before their 
parts begin to slide over one another. 

Thus, a substance apparently solid may, under great pres- 
sure, begin to yield ; yet that yielding, or sliding of the parts 
over one another, may be quite imperceptible upon the small 
scale, or under any but enormous pressure, A column of the 
body itself is the source of the pressure of which we have now 
to speak. 

Even if the ice of glaciers were admitted to be of a nature 
perfectly inflexible, so far as we can make any attempt to bend 
it by artificial force, it would not at all follow that such ice is 
rigid, when it is acted on by a column of its own material se- 
veral hundred feet in height. Pure fluid pressure, or what is 
commonly called hydrostatical pressure, depends not at all for 
its energy upon the ^ope of the fluid, but merely upon the 
difierence of level of the two connected parts or ends of the 
mass under consideration. If the body be only semifluid, this 
will no longer be the case ; at least the pressure conununioa^ 
ted from one portion (say of a sloping canal) to the other, will 
not be the whole pressure of a vertical column of the material, 
equal in height to the diSerenco of level of the part« of the 
fluid considered ; the consistency or mutual support of the parts 
opposes a certain resistance to the pressure, and prevents its 
indefinite trajismission. It must be recollected, that, in the 



■ Acoording to Dobiut (Bfdnmliqne, torn, i., p. 64. Edit. ISie) at « ilope a 
gnat deal lower ; but ita siact tbIim dow Dot now conceni lu. 
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case of glaciers, the pressing oolumns are enormous, the origin 
and termination of many of the largest having not less than 
4000 feet of difference of level ; were they, therefore, perfect- 
ly fluid, or suddenly converted into water, the lower end would 
begin to move with the enormous velocity of 506 feet a second, 
or would move over 44 millioni of feet in 24 hours. Now, the 
velocity of the Mer de Glace is only about 2 feet in that titne, 
a difference so enormous that the fluidity of a glacier com- 
pared to water will not appear so preposterous as it might at 
first sight do, considering the email degree of transmitted pres- 
sure required to be efl'ectual. 

Again, it has been attempted to shew that s gU<ner is not 
coherent ice, but is a granular compound of ice and water, 
possessing, under certain ciroumstanoes, especially when much 
saturated with moisture, a rude flexibility sensible even to the 
hand. 

Farther, it ha^i been shewn that the glacier doet fall to- 
gether and choke its own crevasses with its plastic substanoe. 

When a glaoier paosea Irom a narrow gorge into a wide val- 
ley, it spreads itself, in accommodation to its new circumstan- 
ces, as a viscous substance would do, and when embayed be- 
tween rocks, it finds its outlet through a narrower channel than 
that by which it entered. This remarkable feature of Glaoier 
Motion, already several times adverted to, had not been brought 
prominently forward, until stated by M. Rendu, now Bishop 
of Annecy, who has described it very clearly in these wottIs, 
— " II y El une foule de faits qui sembleraient faire croire que 
la substance des glaciers jouit d^une espece de ductility qui lui 
permet de se mod61er sur la locality qu^elle occupe, de s'amtncir, 
de se r^r^ir, et de s'^tendre, comme le ferait une p&te moUe. 
Cependant, quand on ^t sur un moroeau de gtace, qu'on le 
frappe, on lui trouve uoe ri^dit^ qui est en opposition directo 
avec les apparences dont nous venons de parler. Peut-4tre 
que les experiences faites sur de plus grandes masses donne- 
raient d'autres r^sultats."* 



* Theorie dea Olwders de U Savoie, p, S4. Whilit 1 ara anxioiu to shew how 
r Um Wgaoiaiu views of M. Rendu coincide witli,u the; &Iwi preceded 017 own, 
a Uix to mentiHD, that til my eiperimenta were ouhIb, and indeed b; far Um 
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Now, it is by obaervationB on the glacier iteelf that we can 
beat make experiments on great nuases of ice, s» here sug- 
gested. 

The Motion ofq Olacier resembles that of a Viscous Fluid. 

AH experimental philosophere are agreed aa to the facts, that 
a fluid like water, heavy and slightly viscid, moves down an 
inclined plane or canal, with a velocity wMoh varies according 
to the slope, and which varies also from point to point of the 
section of the stream. The part of the stream which moves 
fastest is the sorface, and especially the central part of the 
surface. The velocity of motion diminishes on the surface 
from the centre to the sides, ajid/rom the surface towards the 
bottom. 

The cause of these variations is admitted to be the friction 
of the aides and bottom of the canal or bed, which retards the 
fluid particles immediately in contact with them, and the ad- 
hesion of these particles to their neighbours, that is, their vis- 
cotity, communicates this retardation by certain gradations, 
which are not correctly known, to the interior mass of liie 
fluid. Hence, — 

I. The centre and top of the stream move &ster than the 
aides and bottom, especially if thefri<Mon of the fluid par Hclei 
over one another be less than their friction against the sides of 
the canal. If this be not the case — if the friction of the con- 
tAined mass against the containing or supporting walls be less 
than the friction which exists amongst its own particles, the 
mass will slide out of its bed, and will so far act as a solid body. 
If it have a certain mobility amongst its own particles, it will, 
whilst sliding over its bed, alter, at the same time, the relative 
position of its own particles ; — it will move partly as a solid, 
partly as a fluid. We may then fairly call it a semifiuid or a 
tenUsolid. 

II. From this it also evidently appears, that the greater the 
viscosity of the fluid, the farther wiU the lateral and fuuda- 



grgmter part of the preEent Tolnine wu written, iMfora I BUcc«ed*d in oMklnlng; 
«£««•■ to H. Benda'a work, in the lOth votuine of th< liemoin i^At Aead«Ki)of 
Chamber]), which I Off* kt length to the bindneH of the right Tererand author. 
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mental retaidationa be communicated towards its centre, and 
the general velocity of the stream will be more nearly rega- 
lated by the limit of the mobility of ite parts. 

III. In every case, the greatest variation of velocity of sueli 
a stream will take i^aoe near the ddea and bottom, whilst the 
higher and the central parts will move most nearly together.* 
The position of any particle moving with the mean velocity of 
the entire stream, has not, I believe, been determined ; bnt 
Dnbuat has practically found this singularly simple result, that 
the velocity of the top and bottom of a stream being known, 
the mean velocity of the entire stream is the arithmetical mean 
of these two velocities. 

IV. The difference of the velocities of a stream at the top 
and bottom, depends upon the actual velocity of the stream, 
and increases as that velocity increases. The rate of increase 
appears to be as the square root of the velocity, and is inde- 
pendent of the depth.t 

V. The velocity of the water in a stream increases with its 
deohvity. If the bed of a river be highly inclined, the water 
flows rapidly ; and again, if the embaying of a river'by a strait 
accumulates the water above, there its declivity will be dimi- 
nished- 

VI. If any circumstance causes the viscosity or consistence 
of a fluid to vary, all these phenomena will vary proportionally. 
Thus, warm water is leas viscid than cold, and a vessel will be 
sooner emptied through a narrow aperture the higher the tem- 
perature of the liquid.J 

Now, in all these respects, we have an exact analogy with 
the facts of motion of a glacier, as observed on the Mer do 
Glace. 

First, We have seen that the centre of the glacier moves 
fasta* than the sides. We have not indeed extended the 



* A elight eoDBlderatioii will shew, that this might naturally be Batidj>Bt«d, 
yet aome smiDeiit writcre have anppoied the Telocity to increase un^onaly from 
the bottom io the Burfsoe of a streun. The doctrine of the text is iiilly confirmed 
by direct aiparimenls upon the river Rhine, qaoted in Mr lUunia'a Acpsrl on 
Hydra^ci, Part II., BriUah Jnociatloa Seport, 1834, p, 467. 

t DuBUAT, Art. 37, 49, SS. ; Ibid, Art. 3. 
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proof to tho top and bottom of the ioe-stream, for it seems 
difficult to make this experiment in a satisfactory manner. In 
the oase of a glacier 600 feet deep, the upper hnndred feet will 
move nearly uniformly, on the principles i^h^eady mentioned ; - 
heooe. orevasees, formed from year to yeiv .y ./111 not incline 
sensibly forwards on this account, especiady as the action of 
trickling water is to maintain the verticality of the sides. I 
conceive that this is a perfectly snfficient answer to an objection 
which, at one time, I myself urged against the hypothesis of 
the glacier moving most rapidly. Of the fact, I entertain no 
doubt, though I see much difficulty in obtaining a satisfactory 
proof of it. 

I have no doubt that glauers slide over their beds, as well 
as that the particles of ice rub over one another, aiul change 
their mutual positions ; but I maintain, that the former motion 
b caused by the latter, and that the motion impressed by 
gravity upon the superficial and central parts of a gUoter 
(especially near its lower end) pull the lateral and inferior 
parts along with them. One proof, if 1 mistake not, of such 
an action is, that a deep current of water will flow und^ a 
smaller declivity than a shallow one of the same fluid.* And 
this oon^deration derives no slight confirmation in its appli- 
cation to glaciers, from a ciroumstanoe mentioned by M. Elie 
de Beaumont, which is so true, that one wonders it has not 
been more insisted on, — namely, that a glacier, where it de- 
scends into a valley, is like a body pulled asunder or stretched, 
and not like a body forced on by superior pressure alone. 

Seoondfy, We have already seen how enormous would be 
the velocity of a ghuiier if suddenly converted into a fluid, 
and how prodigious a force is absorbed, as it were, by the oon- 
sistency or solidity of the ice. The moderate^ though marked 
diflereuoe, found between the lateral and central velocity of 

■ It U well known that the meui hydruilie depth, or the raUo of the nction 
ofa>ti«sm to the perimeter (J contaot with itabed, is the moat important element 
(together with the declivitj) in determiaiDB its velaci^, or the effectual moving 
force which acts npon it. Now, in the case of eommon friction, that of a aolid 
body, neither the absalute Dor the relative depth of the sliding boi^ can tiave aof 
Inflaenca in determining ita motion. 
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a glacier is in oonfonmt; to tbe aeoood priiunple stated abofe, 
that the rstardation dne to. i tfc t ion will be more oomjdetel; 
distributed over the i>liote seotioo inprepovtion as tba naMer 
is less yieUiBg. ^ 

Thirdly, The 4^ief variatiOD'ftf vsloeity is near tlie sides. 

Fourthly, We hare fonnd a most remarkable confirmation 
of Bnbnat'e principle, that the amount of lateral retardation 
depends upon th« antusl - veloiutjr of tbe stream under expe- 
riment ; whether we coijsiilsr' diffnnnt poiata of the glacier, la 
the same point at difiereat times. * 

fythljf. The gFit«ier, we have seen, lilee a stream, has its 
still poob and its rsplds.' Wherd it is' embayeid byrocks, it 
acoumulates^-^to deelivtty ^UniinUhet, and 'tt» velocity at ^ 
tame time ; — ^when it passes down a steep, or issues by a narrow 
outlet, its Telocity increases. ' ' 

The eentral vriocHies of t&e 'lower, middle, and higher t«- 
gions of tbe Mer de Olac^ bre— ^ ' 

1.398 .574 :fi25 

And if we divide tbe length dl the glaeidr into three parte, we 
shall find soiii«thing Uke thes^' numbcva for its debHrityf* — 

15" 4^" e' 

Lastly, AVIien th6 flfttdiflatd' i«e inelines to solidity daring a 
frost, its motion is checked ; if'Hs 'flsidlty is'inereased by a 
thaw, the motion Ib histantl^ tleeelerated. IM niotion is greater 
in sammer than in winllpr, btoiuss the fluidity is more oom> 
plete at tiw fomer tiian. at'^e latMr time. Tbe motiwi 
does Qot cease in wintrer^ because the winter's oold penetrates 
the ice as it.daes the ground, only to a limited extent. It is 
greater in hot weather thno ui eold, beoaose tbe sun's heat 
a6brds w«tcr>t)o;satiuiate.'th« oreviees: bnt the proportion of 
Telocity does not MIcwiheipcoporldoD of heat, becauso any 

* Une choie ^tonnuiM, e'ert que nl U grandeor dn lit, ni cetle is la pente 
D'inflaent en rien ear le rapport Arm dHRreiites vitetieea dcait cona pu-lons, tant 
qut If MMuu min/ennri ratt-nt la mhaa on oelle de la BOrftce est canitante. — 
DVBHAT, Art. CB. 

t These numbers do not express the aetoal Avpm at the pointi where tbe 
velodtiea were meamred, bnt tiie elope' of the inferior, middle, and mperior 
T<^oni of tlie glacier. 
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Profeesor Forbes on the Leading Phenomena 9f CHahiers, 2S7 
euiue, such aa the melting of a coating of snow by a eaidden 
thaw, as in the end of Septflmber 1842, produeea the saue 
effect as great heat would do. Also, whatever caiue acoeln- 
rates the movement of the centre of the iee increase* the diffw* 
enoe of oential and lateral motion. 



The Veined Structure of the Ice it a contequenee ^ Me 
Yitcout Theory. 

We have now to complete what was partly said iu Chapter 
VIII., where we endeavoured to illustrate the phenomena of 
the veined or ribboned structure of the ice, and to explain its 
cause. 

This structure we have seen to consist in the recurrence of 
alternations of blue and white, or compact and aSrated ice in 
a glacier, resembling the veins in chalcedony, the parts being 
thin and delicately subdivided. 

We have found that this st«^ctnre has all the appearance 
of being due to the formation of fissures in tlie aerated ice or 
consolidated neve, which fissures having been filled with water 
drained from the glacier, and frozen during winter, have pro- 
duced the compact blue bands. 

We have farther found that this ribboned stmctnre fol- 
lows a very peculiar coarse in the Interior of the ice, of which 
the general type is the appearance of a succession of oval 
waves on the surface, passing into hyperbolas with the greater 
axis directed along the glacier. That this structure is also 
developed throughout the thickness of a glacier, as well as 
from the centre to the side, and that the structural surfaces 
are twisted. round in such a manner that the ^on/!a/</t/), as we 
have called it, of the veins, as exhibited on a vertical plane cut- 
ting the axis of a glacier 

occurs at a small angle . v^^ ~^_^_^^ 

at its lower extremity, ^^^^^i^/// / / ii ~" 

and increases rapidly as "^r--^ 

we advance towards the 
origin of the glacier, as shewn in the accompanying figure. 
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S84t FrOfeaor Fn^MS oh ^e Leading PkenomMut of G^ader^, 
■ Wftiiftve&l»oooii9id«reidglaoierfigeQertUlyM of throe kind«( 
wht^, bftving a commoa ^t4*uctiir«, yet exhibit it Mt 4'fferent 
femu ot modifioatioiu. Thpee three glacier Eormt hmi^ W 
tvmed the &m<ii-»haped, tb^ two/, said the gUoiers of tJie w- 
cont^ order. The annexed . %Vjrw (one of whiidi bw been- 
already used) shew by views with ideal sections of such gla- 



ciers, the manner in which the structural surfaces traverse the 
mass of the iee. The first figure shews the oonoidal stmo-. 
ture of a glacier of the oyal kind. The second shews this 
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drawn out, aa it were, into a oanal-sfaaped glacier. On the 
right hand, tn the tipper part of the figure, a small glacier 
of the second order is shewn, where it appears that its rtmo- 
ture oon^stB of a series of superimposed shells, nearly parallel 
to the soil, which might easily be confounded with the annual' 
layers of the ii4v4. 

All these structures I explain on the common principle of 
the difference of velocity of the higher and lower, as well as of 
the central and lateral parts irf the ice ; for wherever the parts 
of a stream, whether liquid or semi-solid, move with different 
veloeities, there must be a f<i»-ce applied to separate them from 
one another. 

But heu Dabnat, an eminent hydrostaticfd writer. Speak- 
ing of ordinary rivers, he says, " La viooositft de Peau on I'ad-- 
h^^noe que ses particules ont entre elles, oeoasionne une r^ 
OBtanoe tr^petiie, mais finie, qui s'oppose sans oesae k leur 
separation : or, il ne pent y avoir de mouvemente nnifonne dans 
I'eau, nans que sea fileta ne prenneat diffibrentes vltesses, selon 
qu'ila sont plus on moins proches de la paroi, qni retarde et 
tfende uniforme le movement de toute la masse. Cette in^ga- 
Utb de vttesses ne pent avoir lieu swis une siparatiOD mutuelle 
des parties contigues. La viscosity, ou, si I'on veut, la force 
aveo laquelles ces parties s'attirent, s'oj^ose A eette separa- 
tion ; il faut done q'uil j ait oonstamment une partie de )a 
force acoileratrice destinee d vaincre cette resistance ; et 
lorsqne la force acoeieratrioe est assez petite pour Ini £tre 
seulement egale, le mouvement doit cesser, qaoique la pente 
■oit finie. S'il existait on fluide dont les parties n'eossent 
aucune adherence entre elles, la plus petite pente possible 
snffirwt pour lui imprimer un mouvement ; mais lea difierents 
liquides oonnns eprouvant plus ou moins I'effet de la visconte, 
la pente 4 laquelle lis oomraenoent 4 oouler est d'antant plus 
grande que I'adherenoe de leurs parties les eioigne moins de 
la nature des solides."* 



• DtrBFAt, I. S8, 
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From thiswe iiHglitexpect^.tb«tv<v.' 

we should have, a separsUeM of ■.- 

the ioe psriides,.^ mptore-or'Ss- \-o;j?\\W"' '^^VTITt/ 
BuriBg of the mdMtanoe -of the ^^ I'jV 

g^der every vhwre pdnliel.^o- . ■ ■-'''-•. ^ ■ ^ 
the reeisting walk or bottonit . - . 

produoiog a crow seetion, a4 isi " ' 
the snored figure.- 

ThiB IB what actually takes fAatc^ and -eepeoially ia ^aoiws 
of the seosndrordeF, where the' mtardntion jbeiog ^nipat. en< 
tirely due to tjie action of the-bottcnii t^ euceeauTe layers dip 
oyer one another with iooreasklg v^ooity tnwarda the Biurface* 
. Bui the qucKtion ariaea, how doea this aotioa produce the 
frontal dip of the figure at pi^^e 2871 Why doea not the 
canal shaped ^oier preseat mt xeriee of trough-shaped lay^ra* 
aa in the figure above, whoee bottfim remains parallel to 
the bottosi OB- bsd of thu gidcier \ The reasoa appear* to 
be this. TI18 'fluid is uigiad^ on (in the ocntre of the glA* 
oier e^>ecaa%) by its 'own me^ht. It is fuUiiig down an 
indined jdane by th« forcB ef gravity. It is, faoireTer, |»«-> 
vented from maring by the-'iMlenee friotion of' i^e whole 
of the lower "part of this giaeier upon its bed. If the gla- 
cier be stjid, tlwre can be tft>' motion, nqiesB there be suffi- 
cient foroe to overcome this friction ; and this we have neat 
to be ono great (and we thinh innirmoontable) difficulty, both 
of the hypothefds of. De Sanssore and that of De ClwTpentier. 
But the s^nifliod has another mode of progression, — ^the 
pressure tnajf not overcome Idi0 frictidn of the bed, or ebe 
the fluid pressure at the lower end may be dn^iging the 
whole giaeier over its bed, ffta/ is immaterial ; but any par- 
ticle in« fluid or Aemifiaidduias^ urged by a force from above, 
does not necessarily move in the diraoUon in whi^'tbe force 
impek it, it moves diaffomaiiy,; focwards, in oeoaequenoe of the 
impulse ; upwards, in consequence of the rssistanoe directJiy in 
front- Hence a series of silr&cefl of sopaRttion shaped (to use 
familiar iUustpations) somewiUit lik^ the mouth of acoal-scnt- 
tle, or of a sngu^BCOop, wiQ- tna towards the surface, varied 
in curvature by the law of vdoeity of the diferent layers of 
the glacier. Near the head or orijpn of the glacier, where 
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Pro^eBSor Forbes on> /At; LeaOtng Pketametut 'o^Gia^er«i 24f- 
the resistance in front is enormous', tlw tendtmcy of the separa- 
tion planet, wliioli are thos^ of appkrctni otean^, will be very 
highly tadined. Astlieloweraidef -^t^gtaoierie approaohed; 
the resistance continually dimiiiisbee, 'the 'liaeof ' least reust- 
ance becomes more and morsneaHj^faorkeBtid ; tuid finally^ 
when the lower end of the glacier is reaeh«d, thg- planes tuSI 
away altogether, and the upper layers roU-orer the lovrer ones, 
now wholly unsupported. Such we have seen tobe the actual 
phenomena of tho'Merde Ci-l«te.">''' 

Imagine a lung itiUTowtnoBgh or Cftnal stopped' at both 
ends, and fiUedto a eonodemMe -depth -with toesele, honey, 
tar, or any such Tiscid fluid. Imagine one end of tfae'trough 
to gire Way, the botfaHU at^ll-mndiniBg hoidsontalt if the fnc- 
tioD of-tbe flbid against'tfae bolAoai be greater thtm Uie friction 
against its own partksles, the isppeir stvata will roU over the 
lower ones, and^ protrude' ia a oeorox slops, wbieh will be pro- 
pagated backwards tbward»'th& ottef or dosed «nd' of the 
trough. Had'tdie mnttor beenrqaite fluid, the whole would 
have ran out lAid ^read itself -eo a level ; as itiis^it awomeB 
precisely ti» c<mditJon8 whtoh we suppose to esiat m a glacier, 
'fhe greatest difiurbaiice or aMxtrnmaBeparaiion of the parts 
takes place at tbe loww 'Cody aoi there (the<Tetavdatdim at 
the sides beiDg^proportional'tO'bbe.ct&MititeiT^ocity) the sepa- 
ration vrill be most violent, and 
the loops ontbe sui&joewfll 1)6 : 
moat elmgated. Near the origiD' ' 
the deolivHyia less, and tlw loops - 
are more transverse. This is tme ' 
of theglaoer. '■-■■ 

-Now, let the tiougk be a- little Inoiioed, s« aa'to aM the 
gravitating fores derived :^iBP'tliertnfare"depth>'cf ^e fluid. 
Each psrtiele wittbO' urged'on'by a force dne^to- the slope, 
diminished' by tbe resktaases':oi^OBed,to it > The .particles 
near the: lower tensination of thq stream hiive uo resiatauoes. 
except thwiT attodunent to ^ose behind them, thi^ therefwe 
roll straight on ; bot those, in themiddte of the glacier will 
earner raise the weight of a certain superineumbent stratum 
of ioe, t^ao push tho entire ^a«ier before them ; they may do 
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ptrt of b«th, bnti viU ondooMcdlj riie towBinls the aniiuM, 
^id thus tUde upnardt and fwmardt over the partiolM is»> 
mediatoly in advaBoe. 

- Though I am do( aware that this form of fluid motioa haa 
been pomted oat, its exi«teiM>e ia aoarcel; to be doubted &om 
Tery oidinary meehanioal oonaideralioiui, and sevend obviooa 
phenomena also indicate it. Thiu, such a viscid stream as 
ve hare lu^HMed, be it tar, mortar, treacle, glue, plaster of 
Paris, slai", or oast metal, VKoarM^ presents KTvakk*, or 
onrrilmear urangemmta of tlie floating matter, acoompaoied 
by a crumpling or ineqaality of the eorfaoe. Tbeie ineqoali- 
ties, these Unes iodicatiTe of motion, whidi were the very first 
iadicatioai which led me, wheo studying the " dirt bands," 
to disoOTM* their nature, muat be due to mtqiitUUg of motion. 
and to no other cause. It is Twn to look for any original 
linear or tabular arrangement <^ the particles when a fluid 
is poured from a ladle into a doping chaonel, and afterwards 
beoaraes modified into the curves we have dMcribed. In the 
aoum or froth on a slavish current of watw, ^oan was no 
origin^ arrangement of particles transverse to the stream, 
which has become dtfomud into the elongated loops in which 
tfie bobUss urange themMlves, aa it were spoataaeoat^, 
during their progress. These curves are the direct reauH of the 
unequal mutual pressures of the particles ; and the whole phe- 
nomena, in the case of any of the semifluids I have mentioned, 
are sadi as — ooubined with the eridmoe which I have given, 
that the motion of a grader is actually j««h as I have described 
that of a viscid fluid to be— can leave, I think, no reasonable 
doubt, that the crevices /ortned by the forced teparatton of a 
ha^ rigid mmm, tehoie part* are eompelltd to move vrith differ- 
ent veioeititt, becomit^ infUtrated with tvatgr, amd Jhavetk 
durttiff winter, produce the band* nhieh toe hove deecribed,* 



* Tht mnre-llke tgoTM of floating matMr on a ilaggish saiAca are not at alt 
t» be OMiftmndadiriUiaaactaaldltaotlOD of motion af tin flotapartldM. Tbtj' 
BM oarra* of dfjMnttol (xfoeiqi manlj, md an alwi^ mort p«(Mpttb)a SMr 
tks rida of the atreaiD, where the vBiiatkms of Talodty ars greatest A itraam, 
like a niill-r«ca, eorered with taw-diut, will sheir than linear markiDgt incltn- 
lag toirardi the centre of the atream ; but the motion of my flestiog 1>o9f, aa v 



rfaweriftoeedM in -ittutoMlog ibk tlnoijr .by-uenrtnuriaig 
JBodola vt. a miii<l inAten»l.(*'iauiore ol.^tm and giM, 
■iwhioh do6fl not ut readily), poured down impdnr otnottdfc 

^BWUlj p—fci^ng tha atyartoart »ung«rt*a te -to «eMt, «f foBiUiff jhdf of 
^E^ris aSid gtua tBto • narrow ledwgak^ bps, K*i eli^aa^ U up b7«Mt oTwa^ 

reiODTabl^ pt ideaaure. The surface pf the Vttcid mass nu then strewed, whilit 
level, with a coloured powder, and the sluice withdrawn, llie liquid flowed ex- 
actly as I hitre descrltxcd, asd the eolonrldg msHer wst dmrn oat thMtbreadi, 
pnoiteij t^etettMitg, sn amlMifoscaU, In <Ml«ac^ati4 eenOauityrAe -vcl&ad 
tW*t9M^ ^n^mivi twAt*. .Tbf'QxpUiiaMcin WMFi-'Mi >• tU>F— 4bit 
ttevtl^Nltf of thf ^tndstxatfi tendi tofuU the lateral strata towards ttt« ceotcp, 
M wen ae parHllel to the length of the glacier ; this prc-duceg a slight lateral m 
well as longitudinal discontinuity, (br the actual motion of tbe aide strata tolfliM 
'Hrt c«nb>e ia eMeediagly smaH, m(I(aattrri';^snoib«[M«f morabWsMl't^WIiUh 
aot Uka Ihe lloatlDB oci^ in tke oxpsriiiitnt ilMvedeaiwUiedjdaMDatHiwUjdis- 
tiiib tha parallelism of motion of tha ^arti of the ice. In ^rt, the iafarnal 
Buovementa ara of an order so inferior to thegeneralmoTementof tbeEtream,thBt 
they may probably be left ont of account in describing the general moTement, al- 
thoagh bj the flisnred structure which they {nduee, tbey baVe Mffiinent' il4danae 
of their eiiatanoe. But if the slope aad oamequent hyd nx t^j l to f reMvr* b« great, 
Um noTemeat t«ward* the oentre ims, as supposed'tn the text, ba of an order to 
modify appreciably the direction of movement of a particle. In an ordinary 
liquid like water, tbe direction of the ripple marki, occasioned by the friction 
of a stream in proceediog from a wider to « namnrer diannel, is an example of 
tha wme Aihg, namely, lines of BMzlainBi mntmi ftlcttai »t Ihe psttntei agaiiut 
one BiuttMr. Thoy oaaverga lapldl; Iswafda th« «entr« of the stream, wbiUt the 
motion of the fluid, indicatvd 1^ a floating body, deviates bat Utile from tbe direc- 
tion of the axis of the channel. 

The same rtew, mueoUf maKindli, explains the frontal dip and coneboidal form 
of tbe bands batireeu tbe b:^ and boUomoT the glacier. There is hetcdMfti£-a^ 
acting ftom the uppm to Ike lower strata, and fissures are produced in coaseqiienae 
gf the sluggiab lower strata refiisiDg tp fpllpw tb% swifter lyper ones. This ma; 
also be a quantity of an order so inferior to the actual rate of motion of the lee, 
ai to make It inappreciable by direct eiperimenf. 

The experiment, on a model deaorlb«d In tftis Mte, Is mors MMatlysMkignn* 
to tbe glMfaryh«wib*n*,UtnUieMar*kui«*tTtkteKkiBdd«Hrib»dm tha next 
pag«, wlMi;* tha smw—lon of colonrs >a*nr*llrg'"* ^ ^^ ■"U'd t^ lwi««*- 
■Ion of a piimlUva ttnutnre near the origin of tbe glaoier, which is nedumicallj 
dsjbnMd Into tb«a concholdal mrftoes. Tbey ■trlklnfAr''*'Bl'i howvver, Uilt 
bnpaitaat fbct, that tbe direQllan of Diulauira dlstansion of tbe putioles mWt be, 
not i«MlUl lu tbe lengtb of tbe glart«r, bnt in tba direction of tke br«|ichea of 
tluae aVeigstert loopa, BUe tbair atangatiaii la tiw simple r^nlt of the mecbantr 
eal tension t«w)u«h Ua^ are nibjael«di:beif«, • nwtjoti It) jhvoIU diretttonf, 
trithuiMfwf v«lo<^^rOf aswieaef «noTgani«atVp«cU«l*s,.caijfuaedJj anangad, 
ttuat IndtiM ^mntoal linear 4i*tanslan ln,« diMottoa IncUMd to tlMlr. real ioo- 
tions i add tU( balng natqnal for adJaeMt fvniv»>f Indtiw* A* d«ll«M^ ibfOM 
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34% Pn^eaaor Forbes on the Leading PheMwiHna o/Gfaoiers. 
representJiig Alpine valleys. In' otdec to tiraoe tiie inoti<His 
better, I composed the streams of ^teanatedosM of white and 
iblne fluid, poured in soooeisiTC^. ■. I hare had a great Hamber 
of sach experiments made. T^ie results have been preserred, 
and sections made' of ttemt' nliiri) I evhibibed 'totho B^d 
Societ]' of Ediubarghin'Marcli'184& aod described in their 
Proceedings. It may safely lie-stated, that the reaulto of aiti- 
fioial sections of 'm^y of these '^^^erimsntal models, wmto not 
to be disttnguisfcred from -the glaokr 4QctioQa tronaoiilt^ -by 
me from C^enera rax mootdis befaro,« «s thA results of my ob- 
serrations, which' are reprinted from &e original woodonts ;in 
pages 287, 240, and 241. I' snl^efn a figure oS one of the 
experimental models of a vieeid fluid, which has been sepa- 



UTangement of the powder on the mrfhce of the plaster model, and the lamellir 
amngement of the Ice in the Intsiior of the glacier. 

The least distance which can ever eiist hetween a lidt aod a central jxirHeU of 
a canat-abqied glacier, is halftiie breadth of the glacier. Bat the unequal notion 
gf the centre and aides tends continuallir to separate them wider afnit, And ta 
lUitend the row of patticlea which eonnccta them. The atnicturaJ bonds are, 
theretbre, perpendicular to the line pf greatest tension, and hence crevasaes will 
natorally occur, erottiog O^e ttnuture ol jighl angleii which I have found empiri- 
cally, to be the case. In porsutmce of this principle the crevasses in an oval 
glacier are rsdiating ones ; those of a canal-Bhaped glacier mnst be slightly convex 
upwards, and this is perfteti; confiimed b; the crevassed appearance which tin 
models described at the commencement of this note present. The; an Smmd 
in a dinctioa esHtl; perpendicnlar to the atrin of the powdered aurfbce. 
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Prolessor Foibes m the LtatHnff Fhetwmena of Glacier: 245 
rated from the bed in whirii iti tvas ran, and divided so as to 
ahew its varioBs ndioKR. - : , 

It was objeeted by Mu Agaoaic* te .this theory of tho veins, 
that'iroreit trne,' se seoa'ai two glaoien saiited, .they would 
eacfa'lose their indi^idiial BtnHbire,;B«d bavHAingle loops doe 
to the uaion of their stMams; whereas liis obaorvations led 
him to eoncdade. that tb6 loopS'of two imitod glaciers remain 
distinct. Now, in'itho'firstjpbioe, I reply, that, .though the 
distimt -ebuciture of the double stream-iis. Bai^tained for a 
time,' it is always timlly'tz'om-Mi/ kld^giacaer.beltaig eiKwgh, 
ond'^OBtractare then fonnsi'siii^'ioopBitfuM'tt? at.anaagle 
the medM moiaine of 't^:itwa glaoiera;; aad, seoocdly, I 

* Proceedinga c^ the Ashmoletui Society ; A&eiuBim Journal, February 1S43. 
In this commimicatioD, M. Agaseiz caufirine m; obeervaUon of tbe " ilirt-bftluls ;" 
adopts the Dame of " umuol linga" {Edin. Sew PkiU Joamal,OetolKT \Mi),»aA 
endeevoura to prove the conformit; of their intervals to the Bcturi motion of 
the glader of the Aar, aa I had alteady done on the Mer de Glace: M. Agasdl 
■tiUiiiauti,11iatgI*clenareJ(ni(>j(e<I,Hidhedistiiigiiiihea,tbeaeatfBU, •> ha odll 
tlie annual rings, fkvm tbe proper veined itmct^aA. of the ice. Having m^n- 
tained, in all his earlier writings, that agl^der la horiioutdly stratified tlirough- 
out ita whole extent (Etadti, page 40). he now aikqili mj igtte at page 337 of 
this article, far the lower end of h^ glaciet, and cUtActa ii viih the n6v£, bf 
a craivenient MiieB of Interposed atrabi, first rldag, endtjiieirfBnin^ai] represented 
In the annexed cut, which i« BCaarstel; e(^ed.ftain-the Drigin«l in Leonhard and 




Broiu'i Jonmal, 1S43, Heft 1. I can ooly simplj, but ^sBnctly, deny the re- 
■emblance to nature of this scheme, and. reiterate the obaervntion already aeveral 
UuM made in this work, that the atnicture of a glacier is, and must be formed in 
the glacier itself not in tbe n£v6, from which it is often aepoi'ate J by an ice-fall , 
w\idt hai ground the integrant j)art> of tbe "eve to foiedcr. as in the Glacier of La 
Brenva, the Olader of Miage, the Olatfter of Talifre, and of Allalein, with many 
othera. Not to mention the section of thp Glacier of Macngnaga, where tbe two 
etmctures are seen at once, and perpeitdfcolar'to each other. 

Yet more extraordinaij la the asgipiption made by M. Agaaali,' In order to 
account for this sapposed proloagati<ui of the Iteds of the aiyi into the Inferior 
glacier. In order to explain the alternate lise andlbll of the strata, be afllrlna, 
that, near the origin of the glacier, the ice in contact with the Led moves thster 
thiui at tlK Burfkce, but everywhere elae slower ! 
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■BftmbMH thst ddi is preoiHlyiwIuit a nmtfvid boiy.uiig^ 

be expeeted to do. Far ihe stniotare aemt the oOKtre m 
rimyB Imperfoetlj' dcvvlofwd, «!uiaiiy Iweuua ^A«re'tbe:dif- 
ferantld motion is )emt>; I <m0»D,itbbt)tli«r» b least discwv 
timiifi}' of parts, beoBdae l&« telo^t; is Bettriy the uutie Ikroil^* 
cmt a oonsiderable spaoe ; tsd if two glMiero unite, and »ot« 
tolwably uniformly together, th^ ftUl preutre, tarmiaag-wvf, 
tile strnfiture ntiioh th^ had cUready ao^uived, be&re: th* 
new- ooe (m^nvMntitig' a eUtgle nuAtod «lPMm) is mfuiaiaotd 
upon it Now this is exactly what takes place at the uttittl 
of the glaciers of L&ohoad and Giuit, — of the two branebes of 
the CUaeier of TtdOn, and of the CHaoierflf La Nove and iLa 
66ant, aU of v^oh, originally donUe in «tnie4)itro, StMy be* 
come migle, and ont the s^tarating morsin* a# ao angla. 
But I appealed here also to experimcott and fonnd, tiiat fay- 
pooring double streams of risoid plaster down a single chamd. 
the separate iortae were vexy ahwfy worn out iadeed. and pei»- 
petnaied far beytmd the point v£ imkm at the •treans. Tbiw. 
the proposed objection becattie a itrocg oonfirmation of ray. 
theory. One of these models, also shewn to the Boyal SocUty, 
is represented in the amiexed 6gur3. , 



The illustrations now given will, it is hoped, shew that there 
IS a striking oonjtwmity between the /acts ^ motion and tile' 
factt o/ttruetwe in a glacier, and that the two, mntoiJly mp- 
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'poxiiaji; maA ooofifsdng on* anotber. lend it«^ oeuqtMuiBoe 
te a th«Di7 vbidi iDolodoa both- It wonU be T«>y eaiy to 
-mUrge npon and multiply ibcw iUmtnUdiM aod ooinoideoeMi, 
bil> I am rati^ed tli»tr Z faaT«.Mid enoH^ to pnt ibft iaidJi- 
gOKi reader in piMwaww nf the aixttag poiota of ^etbmr;, 
-idulrt to muqr tbw dwpter will a^ew alroad; too.lotig. A 
f«w eireuBUitMiceB vhioh bare not b«8a inu8t#«l on, f^pear^d 
initbe l«tten to pBofeawr.JamMon, publiahed ia. the Bdift- 
bargk N«» PhilowpbioaL Jowriudi October 1342, and iataxuay 



Thfl ii^ «f comparing a glaaia- to a river ia any ^hmag- bat 
BOW, and I would nst be WiqMMd. to ol^m that oompaiHOB 
or analogy ai an (Hi|^ial one. Bmaeilung very like tibe eoaaep- 
tion of fluid motitm Beeou to have beenintiwnnodBof aevand 
writwB, although I waa not awue of it at the time that I 
made my theory. In parttoular, M. Rendu, wfaoae meohaBioal 
views &T9 in many K^weta more pj^flimtbaa.tboMof hiapre- 
dMenon or oontemporariM, vpeaks ctf " gla^en d'eoonlement* 
M dlBtinet from " gl»rie» reaervoin;" and k the quotati«« 
at the head of thia ohapter, be evidently ooertemplatea the po9- 
tibiUty of the mntoal preasnrea of the porta overcoming the 
rigidity.* He ia the only writer of the glacier achool who bar 
insisted upon the plastieity of the ice, ahewn by mooldiiig it- 
self to the endlessly varying form and seetion of its bed, and 
he ia also opposed to his leading oontonpcnnHies in hie oonjeo- 
tore that the oentre of the ice-stream weald b« fonnd to 
move fiuteet But M. Rendu has the caadMr not to treat his 
ingenious speonlations as leading to any eertfiin result, not 
being founded on experiments worthy of oonfidduce. " The 
fact of the motion exists,'' he aays — " the progression of gla- 
nders is demonstrated ; but tba manner of it is entirely unknonm. 
Perhaps by long observations abd weQ made experiments on 
ice and snow, we uny be able to apprehend it, but thetefirgt 
elemetUs are Hill n)aHiinff.''f 

* See also page lOT of hii work foe > eompwtson betwteen a glader u4 b 

t " L« Ut du monvMnent eiiate, la pragnMon de« G]ad*n ettt d^itioDti^e ; 
n^ 1« moda tit eBtitrvmeBt mcvnim. Feut-itra btm de Irogon obHrntioiu, 
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I foel bound also to. %iK>t« tlLft^BigBificaiit expressions of 
Captaia H^Jl. pointiog to tb^.|Bo^!;ept,ion of ji mmi^id^^ier. 
" Whea.Buot!Q^ve layH»>^iffa<)W4V,bda a&yat i^etJi^g e£ >the 
Ghuaet de.Mi«^, "lOftw-flflKWulbuiulrBdeof feeitiiAtiii«lBisa0, 
■oomo to.b^.meJte^ hjf the,,Buurap(i,by the janu)nt«i4bl«'ton«Qte 
wluiib are goored upon tI}Bpi,fFi^ eveiy side, (Q«ay notiuag 
of the heavy rains of sumjpwt thj^fflcoi * BW88,.aBt liquid 
indeed, but such as has a tendene; to more down the. highly 
inoUned faoes oq whi<^ theyji^t ^vetty-f^oi v^iikMl not 
only well lubricated by, running ^atceapi? resulting from, the melt- 
ing snows on. evei7:side,. hiftb^ been, well. |i9liah«d bytite 
friction of.ag^ t)f antflcpd^.^lecififs. .Every a»ipw»rjnw!- 
tain but very slow advance is ,jf^e by t^«se,.hoge,. .aluggi^ 
slushy, half-snowyi half-T^y. aveuuiHlat'OflB."* .Xt is plain, I 
think, l^ait,the.atithorbadaB.iid>ea that.liqujd prewure migb 
drag,ama^over.4t3,roeky,la^,which.would.nQt move i^n 
it OS a.,89^di 

But such speeulatious could not pass into a theory, aa^ 
supported by the de&iiteJactB><(^'whioti M. Kmdo. d^plpres the 
.want. I too, like my predeaossont, though independ^tly .<^ 
-them, had co«a{tairHd,^iiM)refQBat»£gWHera.tolJiat-of-aduer 
tile plastic mass, in 1841, when I spoke of the .Olfwisr.of the 
Khoneae "sp^wdipgitwlf .out-'Ornqh asa.paUliil of thickish 
mortar would do >ia likje.,oue9njncitadaoe£h^t aod f^tuaj.wheftl 
likened the mDt4<m of ghM^«Drfi to that of a gctiat.rivev, •»-(^,a 
Iava,«trfliun4 But I lmew.v^,well.that.siKh,aiia]ogteaiitwl 
no claitn toionnd a ,fhorjf,: -.1 kaew that the- muaof the 
proof lay with the tbeprieV—ClO'T* shew .that, (contrary to 
the thon rvQeivadopmion) th^,^ati9 of a^laoiw moves fast^; 



des experiences blen fut«3 gar la glacp et li^ j^elge viendra-t-on 1 bout de le 8*isir : 
m^ ces premiers mmtDta nous numq^aeiit tiaaoTe."~Thetirit da Glatiert, p. 00. 

• " Pirfcftiuori," vo\. i., p 101, ec «^. The whole pasai^, which U too long 
to quote, gives m admiroblepitSuro of the glodOT world.' 

t ff<I.'i^«*P»ff- J*>«iTO?,'Ja(iil*T7 lS4i '' 

J Edinbtirgh Remew, April 1842, p. 54. Both thBie artidea were .written in 
1841. 
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and, (3.^ to prove fWim dir^«t eilp^ment that the matter of 
a glacier is ^astie on a great Actie, a fact which seems so re- 
pugnant to first impiPeMiotu as \&iAy to have been urged in a 
most respectable quttrter;* b^ tebdering the doctrine of semi- 
flaid motitJB unt^uabte'. N6' bn«j haid ' a right' to maintain the 
tfiebty oi- fluid motion its ttiokf'ihkn a conjeotm-e, until at 
leafit these preHminttry'obst&oleS wtfre removed by direct ob- 
eervatioDS. 

These observations hav6 b^ed te'adc, and the result is the 
viscous or plastio tfaeoi^' of ^l&tders, as depending essentially 
on tbe three Mlovlng cksses of f^te, idl of which were ascer- 
tained Jto the first time by nbtervations ih 1842, of which the 
proofs are contained in this wwrk. 

' 1. That the different portiotti of ftny transverse section of s 
glacier move "with varying Tdooities, Mid &stest in the centre. 

8. That those cirenmstances wfaii^ Enorease the fiuiditg of 
a glacier, — namely, heat and wet,- — invariably accelerate its 
DtMion. 

3. That'the BtruotuFBl stirfaees occa^ned byfissuresTrhiofa 
have traversed the interior of tbe iee^ ar^ also the'surfaoes of 
vtaxinutm tenHon m a semistdid or"pta»tiG mass, lying in an 
inclined eliaanct. . . i .■ 

TMiere is only one other point to whieh I would' invite atten- 
tion, and it is this; We haVe Botfteed the ehovmoiur depression 
which the autfface of theice- undergoes during the wanner 
inwrtha ofthe year/ Wenuiybe' SOrethati in some manner 
or other, this is made up for during -winter and Spring. I al- 
ready ODggested, in my fowth lettotb Professor Jameson (Gdin. 
New Phi}. Journal, v<A. sxxir. 'pv 1)^ 'that this may be partly 
owing to tbe dilatation oF.the ice during winter by the conge- 
lation of the water in its fissures, producing, at the same time« 
" the veined structure." TIi,e glacier is very far indeed from 
being frozen to the bottom in winter, for we bave seen that 
physical principles are opposedii^thi?, as.well^ the fact that, 
the motion continues during. all, that p^^od, shewing that a 



■ aiUioAifint eittrtneUt, 3vuaif 1843. 
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great portion of tKe icy miuu ia still plastio. It is, howeror. ex.* 
tremely probable that tlie oongelation extends to a conmderfr* 
ble dopHi, and produces the nanal effeota of expannon. I think, 
however, tiiat the explanation, though ooTreat so far as it goes, 
isinadeqiiate, and that the main causeof the restoration of the 
tarface is the diminished fiuiditf of the glacier in oold weather, 
which retards (as we know) the motion of all its parta, but es* 
pecially of those parts which move most rapidly in summer. 
The disproportion of Velocity througboat the length and 
breadth of the gJader is therefore less, the ioe more pressed 
togQthWt and less drawn ssonder ; the oEeraSBes ore ixuudi* 
dated, while the incroued frioti«x and visoosity caasea the wbc4« 
to swell, and especially the ioforior ports, which are t^e aaoB( 
wasted. Such a bydn»tatic pressure, likewise, tending to 
press the lower layers of ioe i^wa«ds to the sorfaoe, aiay a94 
be withont its influence upon the(so-o^led) rejeotioD of Uoeks 
apd sand by the ioe, and may even have scathe orauie^on with 
the recurrence of the " dirt bands" upon the suriaoeof the . 
gloder. BiA I forbetur to enlarge upon what is only as yet to 
tnyself conjectural, 

I have no doubt, however, that the omvez sorfaoe of tb* 
glacier (which reaembles that of mercury in a barometer tlU>e,) 
if due to this hydrtMtatio pressure acting upwards with most 
energy near the centre. It is the " renflement" of BendVi 
the " surface bomb^" of Agasstz. Exactly the contrary is 
the case in a riv^, where the centre is always lowest ; but that 
is on aoGoput of the estreme fluidity, so that the matter tuu 
qS foster than it can be mpplied ; but in my plaster modeli^ 
this convexity, with its wrinkles and waves, was perfectly imi- 
tated. 

In its bearing on the theory of the former extemnoo of the 
Swiss glaciers, we find, that the doctrine of semifluid mo- 
tion leads us to this important oonolasion,— 4hat as large 
and deep rivers flow along a &r smaller inclination than small 
and shallow ones (a circumstance depending mainly upon th« 
weight increasing with the teetion, and the friction, in this 
particular caae, with the itiu cf eentact y/ith the ohwmel), the 
moat certain auUogjr leitds us- to tlie same oonchision in the 
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oase or 'glaciers. W« caonotj tbwefore, admit it to be any 
sufficient argomeat* agunst the ezteBuon of ancient glaciers to 
tbe Jura, for example, that they must have moved with a superr 
£cial slope of one degree, or, jn some parts, even of a half or a 
quarter of that amount, whilst in existing ghiciers tbe slope 19 
seldom or never under 3°. Tbe declivity rec[uisite to inni^ a 
given velocity, bears a simple proportion to the dimensions of 
a stream. A fltream of twice. tbe Ifnig t b, brt wdt-h, and.d^tb 
of another, will flow on a declivity half as great, and one of 
ten times tbe dimensions apoD l-lOth of tbe slope.t 

Poets and philosophers have delighted to compare tbe course 
of human life to that of a river; perhaps a still apter simile 
might be found in tbe history of a glacier. Heaven-descended 
in its origin, it yet takes its mould and conformation from tbe 
bidden womb of the mountains which brought it forth. At 
first soft and dnotile, it acquires a character and finnness of 
its own, as an inevitaUe destiny urges it on its onward career. 
Jostled and constrained by tbe crosses and inequalities of its 
prescribed path, hedged in by impassable barriers which fix 
limits to its movements, it yields groaning to its fate, and still 
travels forward seamed with tbe scars of many a conflict with - 
opposing obstacles. All this while, although wasting, it is re< 
newed by an unseen power, — it evaporates, bnt is not consumed. 
On its surface it bears the spoils which, during tbe progress 
of existence, it has made its own ; — often weighty burdens de- 
void of beauty or value, — at times precious masses, sparkling 
widi gems or with ore. Having at length attained its greatest 
width and extension, commanding admiration by its beauty 
and power, waste predominates over supply ; tbe vital springs 
begin to fail ; it stoops into an attitude of decrepitude ;— it 
drops tbe burdens, one by one, which it bad borne so proudlf 
aloft, — ^its dissolution is inevitable. But as it is resolved into 
its elements, it takes all at once, a new and livelier, and dia- 
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embarrassed form ;— from the wreck of its members it arisee, 
•' another, yet the same,"— a noble, faH4)odied, arrowy atream, 
which leaps, rejoicing over the obstacles wfaieh before had staid 
its progress, and hastens through fertile valleya towards a freer 
existence, and a final union in the ocean with the boundless 
and the infinite. 



Abstract of a Paper On Wood^PdVi^- 'S^Tt. T;'H(ypE,Eaq., 
F.RSiS.A., Civil Engine^-.Liverpool. Cwnnmnieated by 
thfe Royal Scottish Society of Arts.* 

The excellency of wood, as a material for paving, is now so 
generally admitted, that it may seem unaecessury to inquire 
into the advantages it possesses over stone-blocks or Macad- 
amization. 

And assuming the superiority of wood as sufficiently proved, 
by the rapid progress it has made in the publio estimation, and 
the rery favourable results of its varied i^licatioQs in the 
most bustling thoroughfares iu London, and some provincial 
towns in England,: — the sulgect of inquiry may be usefally di- 
rected to the best position of the fibre of the wood, — its dura- 
bility and efficiency as a material for paving, under wet> dry, 
and frosty weather ; and into the value of animal power in 
draught on wood-pavement. 

The patentees of wood-paving are divided into two classes : 
one party for the fibre in a vertical position, — and the other 
party for the fibre at a particular angle. 

The general utility of the subject induced me to pay par- 
ticular attention to it for some years back ; and with the view 
of ascertaining the respective merits of the several descrip- 
tions of pavement and roadways, I made a variety of experi- 
ments on Macadamized roads and stone and wood pavements ; 
on wood with the fibre placed vertically, and at angles from- 
vertical to horizontal. 



* Keadbefbre the ItoralScottilh Society of Aria, 9TttiHuvh 1S41- 
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■■ In the experoaeikts on wsod paving (the results of .w)iic& Z 
now GubiDtt);> the^Uocka' Tr^i4tjlaidr.in tbfi'best manner, on the 
sarae BKrt sfoaacfefafrsi^stnttamottid oatfte sum life of road-; 
Bottltat-allrmirietKailitui tiie stsne jonoimt of tfftffiei and the 
BasbottentitMi }iaid to^theufidmosbduly exa]niiMtion,fof tbe 
space of eighteen months. 

I. On the Position of tlie Fibre. 

It will be quite nnnecessarj to notice the ailments that 
hft»fttjfle%ftd^ucedjb* suppwt.'thfi8ewial systems in praetieal 
<^nijMWf.J»«Wgt undor.'irareuEnstsweE,' cuch. *s loOBlity and 
traffic, which prevent cenp^jeooft' being ftVivrat»\y drawn. 
These I have, however, guarded against, and the measure - 
ments'takwi wete notfefsiogle-bloelabnt oPmfthy'. 
-' I"H»itjr<Berft'retfiitrft, that'I'dtil' diciaddlj'of OjAiion'that a 
suiiertbr concrete rtbstTettam'fe'iiteijIutely ti^essary, and an 
essential feature in the successful application of woodfbr par- 
ing. ■ - ■■ - ' :■ ■ '■ ■■■'■'■'■- -:■■■ -■■ / ■ ■■■^ ■ 

A reference to' ttf« following talfle will' fehew the exact 
amount of -itear -which wood blwika, 'wWi the fibres varying by 
16 aeg***^et from vertical to hoiflioAtAl',' sustained for the fii^t, 
8ec<)ild; aittf thirQ inonths, aid teieh'suceessive three months 
to bighteen months; iind' alsOof graiiite sets for the same 

period. ■ .: r -i ..■-.,.■-..;,:,■ i.i 
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It appears that the amoont of wear is greatest in the drat 
xoontb, and gradoallj decreases every subaeqnmt month. 
Fw instance, the wear for Uie fint and aeeond months is 
gnatw than any three months ^rom the sixth. This, I tiiink, 
can be very satisfactorily accounted for. Although the depth 
of the blocks diminished more in proportion for tho first and 
second months, yet they did not seem to have lost much by 
abrasion. They had luidergone compression, and presented 
a more compact surface than when laid down ; imd, besides, 
being more compact in fibre, the surface was so impregnated 
with fine sand, that it had more the appearance of Btcme than 
wood. 

1. The vertical fibre blocks during the eighteen months 
were only diminished in deptli, between compresuou and abra- 
sicHi, .125, or ^th of an inch. The blocks at the end of that 
time were in as good condition as if they had not been ex- 
posed to heavy weights and abrasion. 

2. The blocks with the fibres leaning at an angle of 75 de- 
grees, shewed the additional wear of .022 at the end of the 
eighteen months^ which is the 40th part of an inch more than 
if they had been vertical. The surface shewed a greater abra- 
sion of the soft fibres, and the resinous fibres were slightly 
pressed to the leaning side. 

3. The next are those with the fibres at 60 degrees. At 
the end of the first month, the dimination in depth was .032, 
nearly double that of vertical ; and at the end of the eighteen 
months they were diminished .182, which is about I'Vths of an 
inch ; clearly shewing that blocks at that angle must lose ]*)th 
of an inch more than vertical blocks. The surface was not 
so tegnlar as the preceding, occasioned by the larger circles 
of soft fibre sustaining greater abrasion, and these as well as 
the smaller circles being unable to reust bo much pressure at 
that angle, were so squeezed as to lose their cohesion on the 
immediate surface ; and the resinous fibres being also unable 
to resist pressure at that angle, instead of protecting the 
softer, were leaning on them, and to a small extent shewed a 
tendency to separate into threads- 

4. The blocks with the fibres leaning at 45 degrees, lost ra- 
ther more at the end of one month than the vertical did at 
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the end of the ee months ; and at the end of the eighteea 
niMiths abont double what the vertical awtained. The mi*- 
tacB was very mnch like tiie preceding, Init tfae soft JIhres had 
suffered more abrasion, and the r«nnonfl were eeparathlg into 
threads nearly |th of an inch. 

B. The blocks with the fibres at 30 degrees lost more in 
one month than the vertical did in six ; and at the end of the 
eighteen months /otlis more than the vertical. The surface 
was similar to the last, but to a greater extent. 

6. The block with the fibres leaning at 15 degrel^s, lost as 
much in one month as the Tertical did in ten ; and in eightee|i 
months full fths of an inch, being three times more than the 
vertical. In proportion to the angle, the aurftce was getting 
more unequal, suffering greater abrasion, the threads becom- 
ing longer and irregular, and the general appooranee shewing 
that destruction was making rapid progress. 

7. The last to be noticed are Mocks with the fibres hori- 
zontal. For the first month the wear was equal to fifteen 
months of the vertical, and in eighteen months they lost about 
half an inch. The fibres were completely separated to a con- 
siderable depth, and the surfhce had the appearance of a heap 
of broken strings. 

II. On the DurabiUtj/ of Wood as a Material /or Paving. 
It seems indeed strange, that such incompressible and du- 
rable substances as basalt and granite should be more sub- 
ject to wear, with the same amount of traffic, than wood with 
the fibre presented to the pressure and percussion. The 
former, however, when acted on by the wheels and horses' 
shoes, resist the pressure and percnssion, and thereby have 
their particles abraded into a very minute sand ; and the iroa 
is also subjected to a diminntion in proportion to the hardness 
of the stone- 
On the other hand, wood, flnm its elasticity, yields to the 
pressure, and permits the weight to pass over it withont any 
sensible injury to either the iron or wood. 

A reference to the table will, however, shew the amount 
of wear wood and granite sustained with the same trafBc. 
The first column will shew that wood lost l-8th of an inch, 
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but more tram compressioa than abrasion ; and the last column 

wilt shew that granite sets lost 7-32ds of an inch from abrasion 

alone, — ^which proves that the elasticity of wood is that which 

renders it durable and applicable for paving ; and that the 

non-elastic prc^erty of stone is the cause of its inferior dura- 

Wlity. 

III. On (A« Efidemy of Wood for Paving, when necmarily 
subjected to Wet and Dry Weather, 

It is, now sufficiently established, by men of maritime ex- 
perience and ship -builders, that those parts of a vessel which 
are constantly exposed to the water, are never found to be the 
least affected, while other por^ of the same vessel are under- 
going rapid decay ; and that decay is even arrested when it 
reaches the same seasoned parts. 

Wood blocks in pavement may thus be said to be quite 
exempt from the probability of decay, even although they 
should be perfectly dry when laid down (a condition to be 
particularly recommended). They are placed on a humid, or 
what will soon become humid, substratum, closely packed to 
each other, and totally excluded from atmospheric in6uence, 
saving the sur^e. In wet weather they absorb as much 
moisture as they can contain, which renders tbem more ad- 
hesive and compact ; and from which moisture they are never 
after totally free, even in the dryest weather; for wood 
being a bad conductor of caloric, any variation of the atmo- 
sphere has little effect on the blocks, or the surface exposed 
to it. . 

To prove this, I weighed a number of the blocks when laid 
down ; and, after having been in use till properly moistened, 
bad them taken np vaA reweighed, when I found that they 
had gained by moisture 4 jth ounces. After a long continiiance 
of dry weather, I had them again taken up and weighed, and 
ttafoA. that they were still moist, having lost only 12th ounce. 
I also split some of the blocks, and found that they were 
moist to the core, except about an inch from the surface, but 
regained that moisture towards the evening. I tried this ex- 
periment frequently, with similar results. The small differ- 
ence in the size of the blocks, under various degrees of tem- 
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perature, also bears oat these experiments. The medium 
variation I could discover in their volume was .057, which I 
attributed to the loss or gain of moisture ; and this trifling 
difference of volume did not affect the adhesion of the blocks, 
or the general structure, in consequence of the moisture they 
retained in dry weather still maintaining an excess of volnmo 
over the dry state in which they were originally laid down. 

To discover if it was from the exclusion of atmospheric in- 
fluence that the moisture was retained, and occasioned their 
limited expansion and contraction, and not any peculiarity of 
the wood of the precise blocks used, I found that, in wet 
weather, blocks, when taken out and kept singly, expanded 
as freely as those used for comparison ; and when they became 
the exact weight they were when taken ont in dry weather, 
their volume was proportionally greater ; and when kept till 
perfectly dry, they were reduced to their original dimensions. 

I also found that the moisture contributed much towards 
imparting additional strength to the fibres of the wood, and 
rendering it more capable of resisting pressure and abrasion, 
besides preserving it from dry rot 

IV. Having glanced at the durability of wood imder wet 
and dry weather, the next thing to be considered is the effect 
which frost has upon it. . 

In Russia, where the climate is so rigorous, frost might be 
supposed to be an insuperable objection ; but when we find 
that it was in that country, some centuries ago, where wood 
paving was first adopted, and that a system not inferior to 
what is practised here, has been there for many years in gene- 
ral use, we may conader that, in the mild climate of Britain, 
where frost is neither severe oor of long duration, it can only 
be of trifling consequence. 

In Russia it is admitted that frost has a deleterious effect 
on the wood, — to counteract which, they give it aa annual 
coating of tar covered with sand, which, with other advantage, 
obviates aby excess of slipperyness. 

1 found that the surface coated with common varnish and 
sand was highly beneficial. It preserved a more uniform tern- 
perature (although, as I have stated, the want of this greater 
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tmiftmnity is not objectionable), and rendered the waftux rongh 

and lew sUppeiy in frosty weatiier. 

Tjaying ssids this additional Biirety, in the coarse of two 
Fiutem, I fxmld find no other objectitHi to frost than the glip- 
peryness ; bat which, from the Eimd introdoced between the 
fibres, and the grooving, was really no worse than on any other 
pavement ; and even less than on a smooth macadamized road. 
And, in regard to tlie effect on the timber, I could discover 
nothing Uiat was injurious, for the frost did not peaetrate 
deep, and I did cot find that the substratum was frozen at all. 

V. Oa Traction on Wood Fcmetneat. 

Wood is eminently superior to imy other material which has 
yet been employed for enhancing the valae of animal power 
in draught, froia its elasticity, and its peculiarity of maintain* 
ing, in all seasons and conditions of the weather, the same 
compact and even earface. 

Besides the absence of surface resistance on wood, the power 
of the horse is materially increased when acting on the elastic 
surface. The resistance which the foot of the animal meets 
with on stone pavement is communicated throughout its whole 
body, reducing its power of action at the time, as well as the 
duration of its working life, liut in wood pavement this re- 
sistance is partly borne by its superior elasticity, which receives 
a portion of tlie shock, and diminishes the injurious effects of 
percnsuon on the hoof. The muscular energy of the animal is 
in proportion saved — the abrasion of the pavement is reduced 
— amd the wear and tear of carts and vehicles is diminished. 
■ To ascertain the weight which a horse could draw, -with the 
same exertion, and at the same rate of speed, on a macadam- 
ized road, on granite, and on wood pavements, I fi>und the 
following to be the proportions deduced from a variety of ex- 
periments : — 



On granite pavement, . 
On a macadamized toad,- 
On wood pavement, 

a Ttu wei^t on Ibc macadoiulxctl road c 
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From tJiB ftwegtHOg experimeiits it may be mferred,<p— 
» That veitioality of fibre u tbe most durable positias of wwd 
for paving, besidea affording the meuis of Dbtainiug a^ firm a 
structure aa is requiBit«. 

That wood is on efficient material for paving, whether iub- 
jected to wet, dry, or frosty weather. 

That the moisture it conataatly retains increases its strength, 
preserres it gainst dry rot, and undue expaasiQu and contrac- 
tion. 

That wood for pavement is more durable than granite. 

Tliat the value of the horse is materially enhanced, and its 
power in draught considerably tnoreased on wood pavement. 
And, 

Thatjwith its general adoption, steam power may be suc- 
cessfully employed. 

D. Hope. 
96tA JprH 1843, 



ObaervoHons on tome of the Decorative Art» in Germany and 
France, and en the causes of the superiority oftJtese, as con- 
trasted mith the same Arts in Great Britain, With augges- 
tiona for the improvement of Decorative Art. By Chabi.bs 
H. WiLsoM, Esq., A.R.S.A., V.P.R.S.S.A. Communicated 
by the Royal Scottish Society of Arte.* 

The general promotion of taste is an object of great interest 
and importance, and materially affects our commercial pros- 
perity. We find it asserted on authority which cannot be ques- 
tioned, that the principles of taste, as applied to manufactures, 

qiunti^] the qoalitf of the snr&ee being bo subject to vwte^ns ; far instauM, 
tile Bame power vrill draw on a Qucadiuuized rood, 

Smooth uid consolidated, • . ■ . 34{ 

After a BboMrer of rain, 30)^ 

During a continoaDRe of wet weather, . • £3} 

laid with new met«l, . . i • s 10 . 

• Read before tbe Boj^al ScottUh Society of.ArU SiUi April IMS, 
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are better noderstood on ihe Continent than with us ; and the 
subject has been deemed of ao nfooh impcwtance that parlia- 
mentary inquiries have be«i made into the caases of our in- 
feriority, tvhioh inqniriee have been followed by active exer- 
tions on the part of Gorenaasnt to piomote improToment of 
taste amongGt the mana&otariDg' classes, by the establishment 
of Schools of DeE^ in London and elsewhere, also by the 
passing of a Copyright Bill, by which an eSbrt has been made 
to protect the authors and proprietor of novel designs from 
the piracy wiiioh has.been bo> injurionsly practised. 

There can be no doubt tbat. these measures are important 
steps, and jnust tend to protoptethe objecte which those who 
originated them had in view ; but we must not rest here,— we 
must do muefa more than has jiet been done, or perhi^ ever 
contemplated, before we cui hope to meet our neighbours 
withotU disadvantage in the display of taste. We most not 
only, as they do, teach principles oS good taste in Schools of 
Design, and defend honest men from the piracy of knaves, bat 
we must also, as they do, form and throw open to oar people 
extensive museums of art-, employ the painter and the sculptor 
to complete the edifices ^ich are raised by the skill of our 
architects, call in the ud of the foie arts in commemorating 
the glories of our country, and unite the labotirs of the artist 
with those of the historian. 

We must, I Uiink, attribute the superior taste which our 
neighbours exhibit in their manu&ctures and decorative arts* 
in a great measure to tte advancement which they have made 
in the fine arts. I have been nnable, in speaking of the for- 
mat to omit allu^n to the latter, and I do not wish to sepa- 
rate them. The divorce which in our day and amongst ns has 
taken place between fine art and ornamental art, has been in 
many instances fatal to the latter, and certainly has been of 
no advantage to the finrmer. It has indeed been asserted that 
taste in manufactures has Bothing whatever to do with the 

* By decorative and onumentel v^ii I HMon that art whlcli is not nsuallj 
classed by ua with fine art. Neither the ezpreesioDS nor tlie diatinction are cor- 
rect ; but, M I must malce 'a <UstinctI<m, T tue these phrases for want of isore 
tjfftopMtie utN in our naUtaitij, 
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state of the fine arts, bat the whole history of art proves 
the reverse of this propositicii ; and while there can be no 
reasonable donbt that many of those decorative arts which are 
more immediately oiHineoted witli fine &rt, rise and fall with 
it ; so do I not doubt that every manafectore where taste can 
be shewn, however apparently nncotmected with fine art, is 
inflaenced by its actual state. It will hardly, I think, be de- 
nied that on tasta in artdiiteeture depends that in house- 
painting, in furniture, and in iron-^ofk. In every e^ the 
forms and omamentB wMoh have been used in these arts have 
been in accordance with the arehiteotural taste of the time, 
and. in fact, we can at a glance toll to what period an old piece 
of iron-work or carving belongs. I have sjud that a divorce 
has taken place between fine and ornamental art, and in the 
medley designs of our honse-painters, cabinetmakers, and 
smiths, the unhappy effects are suffieiently disc^nible. As- 
suredly, some centuries bence, should the works of our artizans 
survive to such a period, they will puzzle the artist and 
antiquary of these days to decide to what age they belong. 

The majority of modem architects leave their works to be 
completed by the house-p^ter, and, I may add, the uphol- 
sterer and smith, for a house cannot be said to be complete 
till these artizans have worked in it, and for it. 

If the bouse be Greek or Italian in architectural style, most 
house-painters on being consulted will recommend its being 
painted " i la Louis XIV. ;" if Elizabethan, they will still 
warmly advise the Louis XIV. ; and if Gothic, they will ad- 
vocate the same style. The upholsterer thinks of no style at 
all, neither does the smith. I am not, indeed, aware, tliat 
either are ever called upon to furnish a house in accordance 
with its architecture ; such a tiling is never, or, at any rate, 
rarely, and then only very partially, thought of. We shall 
see in the course of my observations on foreign buildings, 
whether such is the case in these. 

That a bouse should be painted in any style but that of its 
architecture is preposterous ; we acknowledge this at times 
in the completion of public or religious buildings. Why should 
it not be the universal rule ; for certainly fu^iture might be 
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made as oomfortable as modem faalnts require, and itill be in 
harmony in peint t£ fiHra and taate with the edifice : what a 
channing variety wonld tfaos be attained I 

It is not m; inteotiiMi to dwelt at any length upon the de- 
fects of oar eyetem ; titese, indeed, wonld themselves require 
wore than one paper. It must, however, be said, in justioe 
to our citieens, that what they have done is wonderful. Wh«i 
we consider the actual neglect with which their interests have 
been treated, tbmr merit is very great; indeed, they have 
done as much as it is possible tar mere artinms to do, and 
have eairied some of the omamentfd arts to as high a perfec- 
tion as can be attained by men who have not the edncation of - 
artists, and who are not instructed by their ezunple. 

I repeat that I cannot omit all mentHm of fine art, altboogh - 
the present paper bears a title which might authorize the- 
supposition that I intend to confine myself exclusively to de- 
scriptions of arte which, according to our [ffesent mode of 
thinking, have no connection, or, at any rate, a very slight 
and distant one with the /rte arti. As I mean to endeavour 
to shew ihat the contrary is the case, I sh^l briefly touch 
upon the state of our School of Art, and oSfer a few obser- 
vations upon the state of taste in this country. I shall then 
glance at the state of art in Germany and France, and con- 
trast the system adopted in those countries for the cnconrage- 
ment and employment of art vrith that followed In ours. 

The history of the fine arts in ScoUand is very remarkable. 
We have seen a school struggle into very considerable ex- 
cellence under circumstances of discouragement and neglect 
unparalleled in the history of art. Our public Is very ready to 
congratulate us on this advanoemMit ; but the chief mmt is the 
artists', and the public is very tat ftxim being entitied to any 
great share of it. Art could not exist at all without some en- 
couragement ; but if BO much fau been done by the artists with 
so little aid, what might have been done had there been a more 
general appreciation of the importance of the fine arts. The 
public, generally speaking, are by no means so far advanced 
in point of taste, as the state (^ art in this counb-y should have 
made them. We may easily form a judgment on ^is subject 
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by our intercoun e with society, in which even a moderate 
loLowledge of art will bo found to be confined to a very small 
mmority. Then, if we turn to our press for proo& of know- 
ledge, whilst with one or two exeeptiimB in Londtm the lucu- 
brations in our papers are too frequently beneath contempt, 
our more important Journals almost entirely oeglect the sub- 
ject ; and this neglect i» a sufficient proof faow little it is in 
reality valued, or even thought about. 

But I hope that we may now look forward to better times ; 
every where there are indications of improvement. There 
seems to be an increasiDg desire on the part of the public to 
see art encouraged. Institutions have been established, and 
societies formed, with this avowed object, and so far it is plea- 
sant to contemplate this ; but tfaeso very etforts, although 
made in an admirable spirit, are misleading as. We congra- 
tulate ourselves on our exertions, and believe that we are 
exhiUting an earnestness in the promotion of the fine arts 
w<vthy of our place amongst civilized nations ; hut I greatly 
fear that, frtun the very nature of the means which w« are 
adopting, and from the want of just ideas on the eubject, 
whilst some good is effected, we are also ministering to all 
the evils which afflict our school,— we are fostering and per- 
petuating a system which would be thou^t the invention of 
insanity, if followed out by any student for any other jHvfes- 
fflOD, but which is apparently thought the rao»t suitable pre- 
paration for becoming an artist. 

Have we made a single cfibrt of importaoce to estEU)1ish 
a proper school for the due education of artists 1 The fact 
that we have not, is a sufficient proof that we have not 
thought It worth while. It is true that in this town a mag- 
niScent establishment exists, but it was founded mtb dtfi«r< 
ent views ; and, be^des, it will hardly be mamtained by any 
reasonabb being, that a few hoBTS* teaching in the week, and 
permission for students to draw during the day, without any 
guidance whatever, is suffioient ; would such a system make 
eUher lawyers ot physicians t The artist alone is left to grope 
his way almost unaided. I am, indeed, no friend to any mere 
academic system &r (be education of arUats, but such would 
be much better than none at all ; and as we can hardly hope 
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to see the old system of schools restored, I should be glad 
to see an academic school amongst us offering certain advan- 
tages to the student, whilst the disadvantages of the system 
might in some respects he avoided. 

The artist in this country has thus two great evils to con- 
tend with ; in youth, the want of the means of education — 'in 
manhood, the want of proper and well-directed patronage. 
Private patronage can create a very excellent school of art, 
but it cannot create what we term a great school. We must 
have that of the State, and also that of Municipalities ; I would 
willingly add also that of the Church, but that is very hope- 
less in Scotland. I am certMn, however, that if the State 
finally patronizes art (and I am thankful to think that there 
is now a certain prospect of its doing so), our municipalities 
will follow and do so also. We should then see our artists 
called upon to design, not only great historical works, bat 
also works which would bear more directly on mere ornamen- 
tal art, than the production of pichu^s alone can possibly do; 
and which would, therefore, tend to its improvement ; and, as 
I hope to shew you by my subsequent observations on foreign 
art, whilst the artist would profit in every point of view by 
such employment (his field of study, fbr instance, wonld be 
greatly extended, which would unquestionably tend to the 
general improvement of fine art), the position of the oma- 
mentalist would also be greatly improved, mote ability and 
cultivation wonld be required in his department ; aiid as juster 
ideas of art would soon prevail, young men would not so 
readily esteem themselves fit to be artists, as they do now on 
very slender grounds, but would eontinne in departments of 
art which would offer them secure subsistence, rather than 
embrace the miserable and hopeless career of the mediocre 
artist. 

In my late continental tour, my express object was inquiry 
into certain processes of painting ; but although much occu- 
pied with these, I still had time to give a passing glance to 
other interesting subjects so closely connected with the par- 
ticiUar objects of my journey, that I had merely somewhat 
to extend my observations partially to embrace these also. 

The King of Bavaria is the greatest patron of art i^ow liv- 
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ing, and in his cspital we may see numerous proofs of the re- 
sults wtucfa a -well-directed patronage of the arts can produce. 
The BaTarian artists now enjoy an European reputation, but 
it is much to be regretted that the zealous praise of some of 
their admirers amongst ourselves has raised a feeling in some 
of our artists, which displays itself in diicredilable abuse in 
those journals, the pages of which are particularly devoted to 
art; thus we have on one side w admiration which, although 
just, is too exclusive, and, on the other, criticism, which is in- 
temperate and ungenerous. 

No comparison whatever can at present be iostitnted be- 
tween the leading artists of Germany and those of this coun- 
try : when our artists are, like the^ former, employed to paint 
national monuments, then we may institute a comparison, 
but, at present, none can with justice be entered upon. To 
paint a single historical work, however large it may be, is one 
thing, but to paint a series for a particular building, is quite 
another ; it is possible that an artist may su(:ceed in the single 
picture, yet fail in the series.. Where a comparison can 
fairly he instituted, and that is between the cabinet pictures, 
landscapes, and portraits of our Sckool and of theirs, I think 
that it cannot be doubted, that, in many respects, oar artists 
have the advantage, and we may entertain a vrarm expecta- 
tion of success when they are called upon to execute works of 
equal magnitude and importapce with those of their conti- 
nental brethren. 

The King of Bavaria has resolved that bis capital and do- 
minions shall contain monumenta to rival those erected by 
the magnificence or piety of former days, and be has to a 
wonderful extent succeeded in his object. 

The manner in which Hia Majesty meets his artists is in- 
teresting, and offers, I think, a useful lesson to our amateurs. 
When be has resolved on the erection, of a new church or 
other important edifice, he snnunons an architect, painter, 
and sculptor to his presence, and explains his wishes to them 
either separately or together ; when the plans are ready, the 
artists again meet their sovereign, and a council is held over 
them ; he encourages them Ireely to express their opinions, 
even when contrary to those expressed by himself. When 
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every thing; is thus at last decided upon, the work is com- 
menced and goes on without ioterfercnoe ; and should any 
part of it prove Uas suocesefol than was expected, Qtttte are 
no reproaohef, (at the King at the prerioiu council toc^ his 
share of req>ODsibiUty. 

It will be easy to conceive that such a monarch is spobett 
of with devoted attachment by the men be thns Employs, and 
that he is served with enthusiaBm. Muiy express sorpiise 
that the King of Bavaria should have been able to carry on 
and complete such varied and extensive worhs, when it is 
known that the resources of his kingdom cannot be very 
great ; but be is aided by the devotion of his artists, who bc-> 
cept of moderate snma for their labour ; many of th6m will 
leave immortal nunes, but few of them indeed will leave 
fbrtuoea. 

I beg that it may not be thought by these ^impressions that 
I am of opinion that art should ever be poorly paid. I bold 
a very opposite opinion ; it ought to be well paid, but not 
extravagantly, as some seem to think. I regret to think 
that, in our country, public undertakings ere so frequently 
viewed by individuals employed in them as sources of im- 
mense emolument ; hence an outcry, hence opposition to every 
undertaking that is not of the most utilitarian character, and 
the apprehension of extravagant cost frequently deters from 
many undertakings that would be benciicial to art. 

I admire the Bavarian artist who is content with the emolu- 
ment which his king can afford to giro him, and who under- 
takes works at a moderate price for the lovo of art and th& 
honour of bis country ; and this spirit prevails amongst all 
who are employed, amongst artizans, as well as artists. The 
Chevalier KJenze, the king's principal architect, informed me 
that the c^erativea bestowed so much time and labour upon 
every thing that they undertook for the king, that in the 
earnest desire to make their work as perfect as possible, they 
seriously impfdred their profits. These are interesting facts, 
and assist, at any rate, in explaining how so many works are 
done, and so well done. 

The tendency of the Germans in art has been much mis- 
represented in this country, and w* have heard it repeated* 
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" uigue ad nauMom,^' that tbey are mere inutatore of tbc 
very early masters. This is not true. I shall not eaiet at 
Urge t^K>n this ealgect, batlteg to refer you, for what I believe 
to be a troe view.of it, to Mr Kastlake^ admirable paper at 
the end of the last report of the last Parliamentary Committed 
on the Artik 

In architectore, I am not disposed to oonuder ottr frieoda 
so favourably ;— there is muoh genius evinoed in tbtir pro- 
ductions, their conceptions are great, and magnificent works 
are und^iroken, and brought to a Buecessful termination, but 
their talent is chiefly ^ewn in very direct imitation, and that 
imitation is not always discriminating ; there are many very 
tasteful revivals of the middle age Tuscan, of tlte restored 
Italian elassio, of the Byzantine and Romaneaqne, hut, at the 
same time, there is also srevival of the principal defects t^the 
ItalifUk architects ; and I do not think that muoh judgment 
is always shewn in the choice of a style. The iamons Lad- 
wig StrauBS is whtdly ineffective as a street ; the style oi most 
of the buildings is that of the fortress polaoes of Tuscany, and 
the imitation is not at all times ftaccesaful. The material, how- 
ever, is excellent, and so is the workmandtip ; ibe detuls are 
generally in beautiful taste and admirably executed, and the 
decorative completion of the buildings is ever in a style of 
great magnifioenee. 

The few attempts in Gothic are coane, and alniost entirely 
devoid of all true Gothic feoling ; and it is remarkable that 
the dettuls which, in edifices in other styles, are better than 
the general designs, are, in the Qothie attempts, very indiffer- 
ent and inferior to the conception of the mass. 

I do not think that the Bavarian School r^ Scnlptore has 
any very high claims to excellence. The word clever seems 
to me the most applicable to the works which I saw at Mn- 
niob. There is no want of employment however. In the 
new throne-room of the palace, there are twelve colossal 
portraits of ancestors of the king, in gilt bronze ; the Tym- 
pana of the Wolholla, the Glyptothek, and portico opposite, 
are filled with statuary ; and I might mention muoh besides ; 
but the most extraordinary undwtakii^ of all, is a statue of 
Bavaria now modelling, and wUeh is to be cast in bnwze. 
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It seoms to be about fifty feet high ; and I saw several young 
scttlptors pensbed on different parts of it, or slung with ropes, 
chipping awsy at the plaster of which it is formed, and sluqi- 
ing it with small pickaxes as sabstitutes for the nsaal model- 
ling tools. 

Whilst the fine arts in Mmiich are fionrishing, tbe decora- 
tive arts which are connected more immediately with tbem 
are in a very advanced state. The house-painters of Munidi 
are excellent artists, and paint cleverly in oil, fresco, encaos- 
tic, fresco secco, a peculiar art imported from Italy, and in 
common distemper. The reason of this ability and advance- 
ment is evident. The arabesques and ornamental painting- 
in the palace are all designed and executed by eminent art- 
ists, and so it was in the best ages of art. Thus, an euimple 
of fine designs, correct and appropriate taste, and excellent 
execntion, is set to the mere decorative painter, many of 
whom, indeed, are employed as assistants, and thus study their 
art under the most advantageous circumstances. The reason 
of our inferiority in this department is thus rendered evident, 
and all efforts to place ourselves on the same level with these 
artists will be vain, till we see tbe same system adopted. 

The execution of ornamental architectural details atMunicli- 
is also excellent ; there is no art in which we are more deficient 
than in this, as is sufBciently evinced in the bard, stiff, and 
lifeless character of our architectural ornamental detmls of 
every description. 

I was also much stmck with what may be termed the deco- 
rative carpentry, or rather joinery, at Munich. I am enabled 
to shew you some examples of the beautiful flooring of the 
palace ; the cost is, however, considerable, about 3s. 4d. for 
every 18 inches square, which would make a cost of L.100 for 
a room 30 feet sqnare, although machinery is used in the for- 
mation of the pieces of which this mosaic work is formed. 
Tbe doors also of tbe palace are beautiliil specimens of taste 
and workmanship ; they are about 10 feet high, and formed 
of varbus fine woods inlaid in beaatiful patterns and highly 
polished ; each door costs L.IS. I have not seen any thing to 
equal them in any other royal residence which I have visited. 

Metals, also, are wrought with great taste and ^ill; and in 
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ornamental work, attention Is paid in the design to the nature 
of the material, which is too mach neglected by onr designers, 
amongst whom forms borrowed firom those of stone-work are 
generally used in iron. 

Ipurchased, for the nse of onr School of Design here, a num- 
ber of examples of ancient iron-work, made in the workshops 
of Nnrembei^, and which nnquestionably excel both in tast« 
and in workmanship the boasted productions of onr day. It 
is perhaps impossible to restwe, for all pnrposes, the old 
modes of working iron ; but altJiough we must snbmit to the 
trammels of casting processes, yet in designing even for these, 
just principles of design may be introdnced, by paying more 
attention to the natnre and capabilities of the material. 

I now beg to call your attention to another important art 
which has heen restored and is practised with much success 
in Munich ; I mean that of glass-painting. Before entering 
upon a description of it, Lwonld beg such of you as have seen 
them, to recall to yonr memoriee the noble qiedmens we pos- 
sess in some of the cathedrals and ancient drarohes in the 
south ; I would mention the &ie windows of Cologne Cathe- 
dral, bat especially tiiose of St Lawrence in Nuremberg, in 
which church the Volkamer wmdow may be mentioned as, in 
all probability, the finest in the wwld. Ilie art has never 
been lost in Nuremberg, and I am happy to shew you a copy, 
by the best artist of that place, of a portion of the Volkamer 
window. You observe that we have here a figure of St Ca- 
therine, admirably drawn, and she is placed over a Gothic 
pattern or ornamental design, which runs through the greater 
portion of the window behind the ^ures. You have here a 
specimen of the true system on which such subjects on glass 
should be designed. Tliese should be treated in a conventional 
manner ; no attempt should be made torepresent natnre, as 
we do, for instance, in a picture, as thereby the idea of a win- 
dow is immediately destroyed ; many of j-ou who have seen 
it must have been stmcfa witlk the bad e£lect produced by this 
mode of ptunting a window, as seen in St George's Chapel at 
Windsor, in St John's Chapel here, uid in the Parliament 
House. Notwithstanding ^e jost crittcism with which these 
have been assailed, glass-paintars, both in the. south and 
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fOBfaigst onMelves, persist in copying pictares fi>r such pnr- 
posea, so little do they understand the principle of design, as 
applicalde to t^eir art. I saw in London a lu^y {irons Ruben' s - 
descent from the cross, being executed for a cborch, and I- 
might cite many other examples of this perversion of taste. 

Now, the glass should be painted with ardiiteotural <mia- 
meats in character with the architecture of the church, and 
these, should be correctly coloured in imitatioa of ancient 
piunted examples of church architecture. Some of you are 
aware that both the exteriors and interiors of ancient build- 
ings were richly painted. It was thus in Egypt, thus in 
Greece, and such was the practice in ancient and Gothic 
times. . It was a practice which, I believe, was abandoned 
when the principles of taste were better understood, although 
I say this with caution, and it would be foreign to my sub- 
jeot to enter upon this interesting question- The architec- 
tnral and cwnameDtal design, then, in church window^ in 
ttie partioular examples which I bring before you, seems to 
be a representation, in brilliant colours, of the painted archi- 
tecture of the period, and over these are painted the figures, 
whether of holy persont^s, saints, or heroes. 

The architeotural ornaments or design fill the whole win- 
dow, and the figures are drawn and painted in a severe man-: 
ner, without any a£fectation of piotorial effect as to light and ' 
shadow. 

~ To ^ve yon a more distinct idea of my meaning, besides 
these specimens of painted glass, I exhibit a coloured engrav- 
ihg firom one of the windows of the Au Kirche at Munich ; 
in this specimen the true principles of design, as 1 view them, 
have been adhered to with considerable fidelity, although such 
is not exactly the case with all the windows in that church. 

I have made these brief observations upon this important 
subject, because, as far as I can judge from the examples 
wluch I have seen, neither in London or any where in this 
ooontry, is the art of designing for glass-painting yet under- 
stood. The windows which you frequently see executed of 
pieces of stfuned glass arranged in patterns, cannot be criti- 
oized as specimens of the art at alt ; those in which ornaments 
are .punted are very far trom satisfactory, aiid as to tba 
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copies from ancient masters, from Mr Martin's coloiireil' 
prints, the portraits of noble lords, &c. &g., the sooner these 
are sent to the glasshouse, to be melted for soma useM put- 
pose, the better. 

There is a school of glass-painting at Munich, fostered byi 
the king with the utmost care. Professor Hess, one c^ tbe 
most distinguished of the Bavarian artists, is inspects, and' 
under him there is another aoeomplished artist, who makes the 
principal designs, and directs the works. 

Wo have here the secret of the superiority of our neigh- 
bours in this and, as I have shewn you, in other ornamental 
arts. What axe our glass-painters as compared with those of 
Munich \ Instead of being accomplished artists, they have 
hardly a claim to the title at all. We complain of tbe im- 
perfection of many of our decorative arts, but how can it bo 
otherwise^ They are chiefly practised by individuals who, 
however meritorious, have little claim to artistic knowledge.' 
The establishment of a school of design in every town in the 
kingdom will not mend this ; the use of schools of design i» 
to educate persons who may exeeate the designs of artists. 
To make designers, as is expected by many, except for info* 
rior purposes, is impoKuble. A classical education, a perfect 
knowledge of the history of art, in fine, an ednoated mind and 
a relined taste, are necessary to the designer far important 
ornamental works ; and till it is made worth while for the> 
professors of these to follow the art, and till such persons are 
employed, we must, of necessity, make what effort we may* 
be behind our neighbours in these ornamental arts.Mnce they 
avail themselves of the services of the finest talent vrithin theu! 
reach. 

To return to the Munich School Of Glass-Painting. The 
Director first prepares full size cartoons ; these he paints in 
water colour (and I have nowhere seen more beautiftil drair-' 
ings) : other cartoons are then prepared which may be termed' 
maps of the colours ; these are coarsely executed, but correctly 
tinted ; the simple colours only are indicated; thus a red robe 
is painted of a flat red, the shades being left out, and so on 
with the otiier colours. This map, so to speak, is put into the 
hands (rf the glasa-entter ; he matches the tints from bis stock 

CiOO^Ic 



272 Mp Wilson's Oiiserva^ons oft some of the 

of coloured glass, and cuta it to the shapes. This process re- 
quires much practice ; many of the pieces are very small and 
of somewhat complicated ^apes ; he must also allow for the 
leading, or uniting by means of strips of lead, as you see in 
this example. 

An ingenious instnunent is used for cutting large portions 
of chiles, of which I eshibit a drawing. 

The coloured and white pieces being now united with lead 
in the usual way, pass into the hands of the artist, and are 
painted. A mystery is made of the preparation of the colours, 
and I was not allowed to make any inquiries ; bnt this mecha- 
nical part of the art is, I believe, well understood amongst our- 
selves. After the painting is completed, the lead is taken out, 
and the pieces of painted glass are put into the stove, of which 
I have made a sketch firom memory. An old man from Nu- 
remberg snp^ntends this department, and is the only person 
in the establishment who has the requisite experience. 

The encouragement given to the art which I have just de- 
scribed, has led to great improvements in the manufacture of 
glass, and the optical instruments of Munich have now a high 
reputation. 

In France, I was also chiefly occupied inquiring into processes 
of painting, and I had little time to see to other matters. I 
cannot venture to offer you more than a few very general ob- 
servations on the arts of this great and interesting counby, 
bat I shall 'bring under your notice a few facts which bear upon 
the subject which 1 have been attempting to illustrate. 

Art is extensively patavnized in France, and frequently with 
politicfd views. The patronage, however, is not always judi- 
cious, and the very frequent changes of government which 
have taken place of late years in France has led to this. The 
patronage of the throne, which is very extensive, has been 
more steady and has produced great results, whilst that of &e 
ministry has never been on any well-organized plan, and to this 
most of the faults that have been committed are to be attri- 
buted. 

Whatever may be the objections to some details of the sys- 
tem, art is extensively patronized in France by the throne, the 
ministry, and the municipalities, and great has been the pro- 
gress that has been made. CiOOqIc 
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I mi^t give you many examples of the mumficent care vnXk 
which the French government watches over and promotes the 
welfare of art ; I might describe to you that magnificent estab- 
lishment, the Ecole des Beanx Arts at Paris ; but I most content 
myself with a brief notice of that most important of all estab- 
lishments, the French Academy at Rome. 

The French Academy occupies the Villa Medicis, with its 
fine and extensive garden on the Pincian Mount. One of the 
most distinguished of the French artists is sent to Rome as 
director, his office enduring for five years ; he has fine apart- 
ments in one part of the villa, and entert^ns during winter. 

t d(yiot know bow many pupils are sent or how long they 
remiun, I believe five years ; but \ias is of no consequence to 
the view that I am at present taking. The whole cost of the 
establishment is 100,000 francs, or L.5000 sterling per annum, 
of which 20,000 francs are expended in travelling expenses 
during tlie hot summer months, when the pupils leave Rome 
(then unhealthy) and visit other parts of Italy. 

The students are required to be at home at meals, unless 
they have the permission of the Director to do otherwise. They 
are also required to keep regular hours, to be studious anddi- 
ligent, and to secure this, tasks are allotted to them. Tha 
young architects, who study monuments of antiquity, are pro- 
vided with scafTolding, ladders, and every convenience, and 
the painters and sculptors are equally cared for ; and, lastly, 
the Director regularly sees company, generally composed from 
the best native and foreign society, where Uie pupils haVe 
every opportunity of improving themselves in this agreeable 
and iefihed intercourse. 

CoDti^ this with the English system. Every three years a 
travelling student is sent abroad, and he is thrown into a po- 
sition, for profiting in which he is often wholly unprepared by 
previous education ; he is generally quite ignorant of the his- 
tory of art, or of any art bnt that which he has vrorshipped in 
tlia^&cademy, and is probably prejudiced against all other; he 
is, in fact, sent to Rome, provided with lunds, and perfectly 
free to follow any course he may choose, without any guide at 
the very time he most needs one. The result may be aotifii- 
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pated, and I believe that verj few of the trftveUing atiidebts 
liave attained to any eminence ; wliilst, on the other ude* 
many of the moat distinguished of the French artists were stu- 
dent* in this Roman establishment. 

- I was assured by the Directors of the Museums in Paris, by 
M. Ingres, late Direct<» of the French Academy, and by M. 
Conder, that they considered the French Academy in Rome 
as one of the most valuable and useful of their national insti- 
tutions for the benefit of art. 

' I have ctmtrasted the French system with ours, and this is 
one of those unpleasant contrasts that we are forced to make ; 
but still, be it observed, we have in our plan another instance 
x>{ artists doing what they can lor the benefit of art, unaided 
either by the pnbUc or the government of the country. 
, I am unable, as I have said, to give you any detailed ac- 
count of the arts and manu&cturea of France ; to do so would 
also be beMde my subject. We have, however, much need to 
be up and doing. We have admitted the snperitnity, in point 
.of taste, of many of the French manu&ctuzes, bat we have 
claimed for ours great superiority of fabric. This, Sir, ia 
many respects, is taat becoming a fallacy ; and as the French 
have greatfy escelled us in taste, they are now, in many casee, 
-equalling us in &bric. 

I liaund in the ItaHan ports our fine woollen dothe and 
.printed goods comparatively unsaleable, because the French 
goods were much superior. I was informed, that, in America, 
their glass mauufitcture, because of its supericMr beauty, has 
the advantage of ours in the market ; and i have particularly 
to mention their astonishing progress in cutlery, in which only 
a short time ago they were, almost to a proverb, d^cient- 
They now produce various articles, which, in aj^»earuice, at 
any rate, are equal to our own. We ought to take these 
things into onr serious considwation. 

But to return to my more immediate subject. 

Great additions have lately been made to the Hotel de Ville 
of Paris ; and the public apartments of the Lord Mayor, if 1 
may so call him, have been painted by some of the most dis- 
tiaguisbed of the French artists, amongst whom I may nien- 
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iioc Mon. Vaadielet, to whom two of the rooms have beeB 
flntrasted. In one he has painted, on pUasters of poluhed 
white ScagUoia, a seriea of exqnudtely designed arabeaqoeB i 
lib subject is contiDned in the friese and terminated on the 
ceiling ; the otJner rooms are appropriately and magnitloently 
decorated also. In this building we hare as instance of weil- 
directed mooicipal patronage of art ; and a nnmber of eharcfaes 
exhibit, at the same time, insttmces of the mimifioent patron- 
age of the worthy magistracy of Paris. 

In the Chambre des Fairs, and in that Des Deputes, and 
in a number of churches and publie batlding% we see the re- 
sults of the efibrts of the French Ckiremmwt. At Fontain- 
bleau, Versailles, and in the Lonrre (and I daresay elsewhere), 
may be sees a prodigions nnmber of works of art executed by 
{trder of his Majesty the King of the French. To give you 
some idea of the extent of the works earried on at Versailles, 
I may mention that I was shewn by my friend, Monsieur 
Neven, the king's arefaitect, 60 large portfc^ios of the draw- 
ings for the works now in progress. 

I have endeavoured to shew you, in thes« brief obeerra- 
tions on German and on French art, what are the true causes 
of the snperiority of these nations in the decorative arts. 

It must be perfectly evident to you that palaces punted by 
accomplished artists, must be in better taste, better done, and 
-far more complete wid interesting, than those like ours, in 
which, after the arcMtect has closed his labours, the house- 
painter and tiph^terer alone are consofted. This is so evident, 
that I need not detain you farther with many arguments on this 
portion of my subject. 

But OUT neighbonrs go &rther in ths decorative employ- 
ment of artnts. I saw one of the most able of the Parisian 
artists designing ornaraental tapestries tor the palace, to be 
executed at the GobeKns. Yoit wil) remember that Raphael 
did the same, and 'Our finest possession are some of the car- 
toons whi«fa he prepaared for sueh a purpose. 
■ The works of artists are, in fine, the very sources from which 
all our decorative attietaArsm their examptes, and their 
jomUes are chiefly made up, from the arabesques of the VatX- 
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can, those of the palace of the T at Maatua, and the well 
known designs of Wattean. We shall have nothing new, not 
even an appropriate application of what is old, till, as of old, 
and as now in Germany and in France, the most able artists 
we can command are employed in such departments of art. 

The tradesman need not be jealous of this employment of 
tiie artist. There can be little doubt that were artists em- 
ployed to paint, and to direct the painting of onr royal and 
other palaces, that the taste for snch decorations would r^idly 
spread over the land, and the employment of the tradesman 
would be increased a hundred-fold ; whilst, by Uie diSusion of 
taste, and the increase of skill on the part of our workmen, 
that which is now tar too expensive for many to adopt vrould 
then be brought within the compass of their means. 

By the employment of artists, the taste of the nation gene- 
rally woold be greatly improved, and I have no doubt that we 
should soon be enabled to meet our nei^bours in those wide 
fields where we confess that they have beaten us, and there can 
also be no doubt that our commercial prosperity would be 
thereby increased. 

Before concludii^ this paper, I shall briefly bring before 
you one plan which would, I think, greatly aid in promoting 
taste in manufactures amongst all classes. 

I have endeavoured to shew you that, without a more ge- 
neral employment of artists, we cannot hope to rival onr 
neighbours. I have also said that, like them, we must open 
museums to our people, and increase the numbers of onr 
schools of design. 

With regard to museums, our attention has been almost 
entirely directed to the accumulation in these of precious 
works of art and of antiquities, but no one seems to have 
thought of the accumulation of specimens of ancient indus- 
trial art, and also of foreign manufactures. To make artists, 
and to cultivate taste in the fine arts, we have purchased the 
Elgin and other marbles, and we are slowly forming a na- 
tional gallery. We do not think il necessary enough to pro- 
vide onr young artists with casts of portions of statues, and 
with prints from pictures; we procure f(nr them real Greek 
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and Konum statues, and real pictures by the great masters, 
and we do well. Now, Sir, I would propose that we shoald 
carry out this principle in our efforts to promote taste in 
manufactures of every description ; let us form museums in 
which the citizen may see, free of all cost, specimens of 
aacient iron-work, wood-earring, glass-painting, and of such 
arts as were successfully practised in ancient times, of which 
examples still exist, and to this museum let there he yearly 
added specimens of the novel and tasteful inventions of our 
clever neighbours and rivals, so that we may have an oppor- 
tunity of knowing what they are about, and of comparing otu: 
efforts with theirs. 

I was inflaenced by such thoughts as these, when I pur- 
chased, for the Honourable Board of Trustees for Manufac- 
tures, the objects which they have obligingly permitted me to 
exhibit to yon. I have formed the nucleus of such a museum 
as that which I advocate. You may observe amongst these, 
specimens of iron-work, centuries old, which (as I have 
already remarked) excel in taste and workmanship all the 
productions of our days ; also a lock of ancient date, which I 
am told is a miracle both of workmanship and inventive skill. 

There are also a few specimens of carving, of ancient glass- 
painting, and some of tasteful modern German manufactures ; 
there are not many of these, but they are all pleasing ex- 
_ amples of taste and skill, and I shall, by their exhibition in 
our school of ornamental design, give the pupils abetter idea of 
the various arts exemplified in these specimens, than if I were 
provided with all the prints that ever were published, and 
were to lecture from morning till night every day of the 
year. 

I have briefly attended to a plan, for which I trust to have 
the support of your opinion, as one which will be greatly con- 
ducive to OUT advancement in the arts. 

Chaeles H. Wilson, F.E.S.S.A. 

Edimbdroh, ZSUt Hank 1843, 
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Semarks on Natural Terraces or Saited Beoekea observed ft 
Scotland, particularly in the course of the Biver jPajy. By 
Chahlss MActAREif, Esq., FJI.S.E. 

In Feastmiiig on the subject of Natural Terraces or Ratgect 
Beadles, we start from a few fundamental propositions :— 

1. The transpMrted and water-worn materials foand on the 
top of the highest monn tains, assure us that the; have all been 
at one time covered h; the sea, and must have been raised 
above it in one way or another. 

2. If Uie land rose from the sea with a constant and uniform 
motion, the action of the water would disintegrate the reeks, 
cutting away the softer parts and leaving the harder promi* 
sent; the bn^en fragments, euid^ and clay, so produced, 
woidd form an e^ual and uniform mating of allavium (gral) on 
.parti similarly situated — thick, of course, in all the valleys, 
and thinner .on aH the moderately inclined surfaces, while the 
salient and preeifntous rocks would be left bare. The depth 
of the coating would also be affected by the presence or ah- 
.senee of currents. 

3. If the land rose with an uneguai, or let us say an mler- 
rapted, rootiiHi, marks of the kinger action oi the water would 
be vtdble at those pu^ where the upward motion was arrested 
for a time. The long presence of the water at such places 
would be indicated^ firat, by indentations- on the rocks (gainst 
which the tides beat ; secondly, by the increased depo«t of 
alluvium, consisting of the gravel, sand, and elay produced by 
the chafing of the water on the rock^ or carried ctown by 
streams, collecting just under the level of low water, and 
formmg a projecting shelf or terrace, such as may be seen in 
many c^ our Scottish lakes. We have examples of ancient 
terraces thus formed in the parafiel roads of Glenroy, and ia 
the two raised beaches described by M. Bravais on the coast 
of Lapland. 

4. The terraces would be broadest and best marked at the 
mouths of rivers and streams, or in cavities and recesses on 
their banks, because the materials which form them are there 
most abundant. 
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. I waa highly gratified to observe a niuaber of teiraces at 
different elerationa on the banks of the Tay, and generally 
very unequiTOcal. They may perhaps have been described 
before, but the descriptions hare not fallen in my way. 

The first and lowest teirace constitates the South and North 
Inch and the flat ground on which Perth stands. The Yioeih 
Inch, to which my observations wore confined, is a plain, and 
almost ft dead level ; I estimated its height at ten feet above 
the Tay at full tide. It has the ^>pearance of an ancient 
beach, or the outer margin of the former bed of the sea, ova- 
which the tides had played for a long period. 

The Inch is bounded on the west and north sides by a well- 
marked acclivity, only a littie roonded, which seems to be an 
ancient sea-cliff — a portion of the shore against which the 
tides beat, previous to the last elevation of the land. 

Behind the sea-cliff is a second plain, and, like the former, 
almost a dead level. I estimated its mean heij^t at 12 feet 
above the North Inch. The road to Dnnkeld passes through 
it. This was evidently a portion of the bottom of the sea at 
a still more ancient epoch. 

It is bounded on the west side by acclivities so sharply cut 
-at some places, that the water, one might suppose, had washed 
their bases caily Mty years aga The ancient sea-cliff runs in 
a unnoos line, jutting oat in salient capes fw peninsulas at' 
some parts, and receding into littie bays at othws. It is well 
seen at Tnlloeh Bleacbfield, and some places near it 
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In the above seetioB, b represents: the present beach aear 
Perth, or that part of the bottom of the sea which is dry at low 
. water ; e the sea-cliff, or the bank of sand and gravel forming 
its boundary ; b 1 the Inch, or ancient beaeh of the first epoch ; 
c 1 its cliff or boundary ; 62 tiie ancient beach of the secoiut 
epoch ; and c 2 its cliff or boundary. 

The country, for 8(»ue milt» northward, b uneven, consist- 
ing ef naaH flattish knolls, risng from four to eight yards 
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above their base, ^7bich may be the remains of one or more 
ancient sea-bottoms, broken up by strong currents. The ma- 
terials are invariably sand and water-worn gravel, except at a 
few spots where the rock protrudes. 

Near Luncarty we meet with what I am disposed to con- 
sider as remnants of an ancient sea-beach or sea-bottom. 
They are insulated platforms of sand and washed gravel, from 
20 to 50 or 100 yards in diameter, flat on the top, and very 
nearly of the same height. They can scarcely have less than 
100 feet of elevation above the Tay at Perth. They may be 
considerably higher. Several of them are near each other, 
and merely divided by fissures with steep sides, from 10 to 40 
feet in depth, precisely such as little currents would cut out 
in a bed of alluvium. See the section below. 
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In this figure, a & c are three platforms near each other, and 
of equal height. They are divided and bounded by the fis- 
sures, 12 3. In some of these fissures, as 1, I was able to 
judge of the depth from pretty large trees being nearly con- 
cealed in them. All these elevations, as already stated, are 
of sand or fine gravel. I saw marks of stratification in some, 
and have no doubt that they exist in all. 

At Dunkeld, and on the banks of the Tay, far above it, I 
was delighted to find terraces so distinct and conspicuous that 
no geologist, who had once turned bis attention to the subject, 
could question their existence. 

On the north bank of the Tay, eastward of Dunkeld, a 
plateau or terrace extends three-fourths of a mile in length, 
and of a breadth varying from 50 to 600 yards. It is almost 
perfectly level, and is backed by lofty precipices of quartsy 
slate, against which it abuts as sharply as the waters of a lake 
do against the mountains which confine it. A farm-house or 
hamlet, called Haughend, stands at its inner comer, and the 
picturesque villa of Doctor Fisher occupies its we^wm eztre- 
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mity. It terminates toward tlie river ina precipitous bank of 
sand and gravel, about 120 or 130 feet above die stream. 

On the other side of the river, and right opposite, is an iso- 
lated hill of sand and gravel, called Tor Hill, with steep sides, 
and with a villa upon its summit. The top of this hill is a 
few feet under the platean'of Haughend. It stands in the 
middle of the valley with low ground on both sides of it ; its 
length, as might be expected, is iti the direction of the stream ; 
and if the water rose thirty feet ttbove its present level, the 
hill vrould be an island. There is probably a nucleus of rock 
under the sand and gravel. 

On the same side of the river oppo^te the Cathedra), is 
another remnant of the plateau, projecting from the mountains 
which bound the valley on the south. It is about half a mile 
in length, and a furlong in breadth. The farm-bouse of Clay- 
potts stand upon it. It declines slightly from the mountain, 
but its surface is otherwise as smooth and uniform as a sea- 
beach. A detached portion of it covered with wood is within 
200 yards of the bridge. There are similar terraces farther 
up the valley, as I shall state presently, and they all consist 
of alluvial matter, sand and fine water-worn gravel, such as 
we find on the sea-heach. The hill of Torwood, and the ter- 
races of Haughend and Claypotts, are not exactly in one line, 
but uneven portions of the last do in truth extend as far east- 
ward as the two first, and the small difference of position does 
not affect the argument. 
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This diagram is a section across the valley of the Tay. 

a, Hie terrace of Haughend, 120 or 130 feet above the Tay 
at Dunkeld, and probably 10 or 15 more at the east end, ow- 
ing to the falls in the stream, r, the bed of the river. The 
terrace abuts against the steep crag A. 

b, Tor Hill, an isolated eminence with a villa upon it. 

c, the terrace of Claypotts, very nearly of the same height 
as a. It stands forward from the hill k, and presents a steep 
escarpment of sand and gravel towards the river. 
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mm, the level haugh or holme which skirts the r'vrer, rising 

from 6 to 15 feet above it. i 

The breadth of the valley measured right across, at the 

level of these terraces, that is, from A to A, may be about a' 

mile. 
The potitioH and material of the two terraces and the hill 

b, leave scarcely any donbt t^at they are remnants of a vast 
bed of sand and gravel Tvhich filled the valley from side to' 
side, and was deposited at an ancient period by the aea, when: 
it stood mnch higher than at present, covering the plain of 
Perthshire np to the Grampians, and occupying the valley of 
the Tay far above Da'nkeld, in the shape of a narrow firth like 
Loch Etive or Loch Long. 

I am indebted to a scientific friend for anthentic data which 
enable me to fix the difference of level between the Tay at 
Perth and the Tay at Dnnkeld in round nambers at 160 feet. 
Adding 120 for the height of the terraces, and 20 mwe for 
the probable elevation of the water above their surface, it fol- 
lows that the relative level of the sea must have been 300 feet 
higher when these terraces were formed, than it is at this day.' 

There is a small conical bill within the Dnke of Atholl'» 
park, very near the vilU^e, which, if not artificial, must he 
another remnant of the plateau of gravel and sand. 

The terraces are not confined to the vicinity of Dankeld. 
The road to Taymouth runs along the south side of the river 
as far as Logierait, and the traveller finds on his left hand, 
not one or two, but a series of remnants of terraces, like a and 

c. They are all of sand and washed gravel ; the sand occa- 
sionally unmixed, very pure, and stratified. At many parts 
they project from the hill side into the low haugh land, like 
promontories or peninsulas running into the sea. Their front 
and sides are in gen^-al shwply cut, and steep, indeed, as 
highly inclined as the nature of the material will admit. A 
portion extending half a mile along the valley may sometimes 
be seen, but usually they are much shorter. Their height 
varies mnch ; and this is what might be expected ; for the 
stream ox receding ocean, in cutting away all the middle, and 
hollowing out deep cavities in the sides, must have reduced 
the height of many of those parts which etef^ped destructiini* 
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Good specimens of ttiese bank* of sand and gravel are Been 
at Ballfucban and Grandtnlly, above Logietait, a^ well as at 
tbat village, and all the way down to Dnnkeld. Sometimes 
two may be seen with the river flowing between them, divided 
by a space'ft qnaFter of a mile in breadth, and shewing, by 
the steep sides they present to each other, tJiat they had once 
been united. There is a well-marked terrace at Taymonth 
Castle apparently about 35 feet above the stream ; the village 
of Kenmore occupies a detached part of its western extremity. 

From Grandtully doivn to Dunkeld, the river runs across 
the strata, ajid the sides of the valley are steep, rngged, and 
picturesque. From Grandtully up to Kenmore. the course of 
the river is eUong the strata, and the valley is wider and more 
tame. The terraces are much more conspicuous in the former 
than the latter. 

The hypothesis which would ascribe such deposits to an an- 
(uent lake, seems to me inapplicable here. Let us consider 
the case of the terraces at Dunkeld. If a barrier of rock ex- 
isted there, to confine the water, and produce a lake, its posi^ 
tion must have been at the outer margin of the mountains, Uiat 
is, at Bimam Hill, which is about a mile and a half below Dun- 
keld. Supposing the river to cut a passage here, through the 
mass 'of hard quartzy slate, that passage would be of the 
breadth of the stream (about 400 or 500 feet), or not much 
greater. But a( the level of the terraces (for it matters not what 
it is 100 feet lower), the opening between the hills which 
confine the valley is certainly not much less than a mile in 
breadth. 

The hypothesis, however, which ascribes the formation to 
the sea, is not without difficulties. The well-marked terraces 
along the valley, as far as Grandtully, seemed to me, judging 
by the eye, to vary in height above the river, from 30 feet to 
100 or 120. Now, in the 12 miles from Dunkeld to Grand- 
tully, the rise in the bed of the Tay can scarcely be less thaa 
100 or 120 feet ; and if the relative levels remained the same 
when the sea stood 300 feet higher than at present, the line 
of terraces beginning with that of Claypotts, 120 feet high, 
and continued up the valley, should have sunk gradually, and 
dis^peared at or near Grandtnliy ; while the (me exisiiDg 
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there is certainly not less than 80 feet high. A plane passing 
along the line of terraces, would not be, I think, horizontals; 
but inclined ; and its inclination would, in a general way, cor- 
respond with that of the bed of the river. 




In this diagram, the line y y represents the bed of the Tay 
between Dunkeld and Grandtully, rising to the westward at 
the supposed rate of 10 feet per mile. If the sea deposited 
the terraces, we would expect to find them nearly horizontal, 
tarrr ; and of course declining in their apparent height as 
we follow them westward. Instead of this, they seem to be 
ranged in the manner, t, tt, ttl; and their height above the 
river, though very variable, appears to be about as great in 
the upper part of the valley as in the lower. 

The terraces, however, being in detached parts, occaaon- 
ally voth long intervals between them, we may suppose that 
the western portions ttt, are fragments of a second or higher 
line of terraces. If so, remnants of them (u u) should be 
found somewhere eastward above the others. This is one ex- 
planation of the facts, and may be the true one. I did indeed 
see what I considered traces of a second terrace above the 
first, and a third still higher, at some places, but they were 
faint and equivocal ; and the proximity of the positions /, 1 1, 
sometimes for miles, amounting almost to continuity, with an 
approximation to uniformity in height, is rather adverse to 
this supposition. 

Again, it may be supposed, that, when the land rose above the 
sea, the movement of elevation was not equable, but greater 
in the interior [than towards the coast. We know that the 
rate of elevation is variable in Sweden, and have reason to 
believe that it was so in Britain.* The upheaval may have 
been greater at / / ^ than at t. But this does not account for 

• 8«e Mr Marchison's AiUress i« the Geologi'Sl Socitlj for 184^ p. 45. 
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the geoeral parallelism of the line of terraces and the bed ol 
the stream. We would expect the one to be either more os 
less inclined than the other. I do not assert that their incli- 
nations strictly correspond, but they seemed to me to do so in 
a general way. 

The different levels of the terraces might bo accounted for 
by assuming the existence of an ancient series of lakes in the 
valley ; but I have already shewn that this hypothesis is inap- 
plicable to those at Dunkeld. Neither can we resort to the 
Glacial Theory for a solution of the problem ; for broad deep 
masses of sand and gravel, with smooth and uniform surfaces, 
like some of the terraces, cannot be lateral moraines. My be- 
lief is, that they were deposited by the sea, and formed the 
humeral portions of the bottom of an ancient firth like Loch 
Long or Loch Etive. It is not improbable that acareful sur- 
vey, with the levels accurately taken, would explain the ano- 
malous facts I have adverted to. 

The principle Imd down by Mr Darwin should be kept in 
mind in investigating these phenomena, — that, supposing the 
ocean to he the i^ent, it depends on a combination of cir- 
cumstances, the form of the surface, the nature of the mate- 
rials underneath, the presence or absence of currents, &o., 
whether any terraces are formed, and if formed, whether they 
are preserved. 

There is a pseudo-terrace accompanying the river, which 
remains to be noticed. A border of flat meadow-land is found 
here, as in other Highland valleys, on one or both sides of the 
river. It varies in height from one yard to five or six. It fol- 
lows the ever-changing level of the Tay, and we can scarcely 
avoid considering it as produced by the river itself, probably 
in working its way down through Hie mass of gravel and sand 
from its ancient and higher level to that which it now occu- 
pies. Streams which meander, and have beds composed of 
alluvial matter, level the bottoms of the valleys in which they 
flow, by a slow but constant action on their banks. It consists 
of a process of erosion and deposition going on simultaneous' 
ly — sand, clay, and gravel, being constantly removed from the 
upper sides of the peninsulas enclosed in the flexures of the 

VOL. XXXV, NO. LXX. OCTOBKR 1843. V 

D„:,iP<.-jM,G00glc 

d 



288 f/b Madwen's S«mttr*t m Natural Terraeet 
stream, ft&d Itud down on their lower sidee, so as to gire tliese 
peninsnlas a vwy slow progTeesiTe motion towards the sea. 
The whole snr&ce between the high lands on the two sides, 
haTitig been repeatedly enbjected to thia lerelling process in 
the lapse of ages, acqaires the appearance of a stripe of flat 
meadow-limd, the faei^t of which may foe accidentally rused 
from time to time by the new matter deposited during extraor- 
dinary floods. It is possible that the lowest terrace at Pertl^- 
I mean the Inch — may be of this description. 

I saw no terraces on the sides of Loch Tay, except towards 
its west end. Near the road about two miles north of Killin, 
I saw what I c<mBidered a terrace, though not very well 
mailied, iprtiich, measored by the sympiesometer, I found to 
be abont 240 feet above the loch ; and it wilt probably be 
about 660 feet above the sea. Traces of others were observ- 
able at higher elevations, bat rather equivocal. They con- 
sisted of small areas of sandy soil, nearly level, with small 
niised banks, partly of earth, partly of rock, behind them. 

An ancient beach, Sto/ra six to twenty feet above high-water 
level, with a water-worn sea-cliff behind it, is seen on the 
shores of the Clyde, at Greenock, Gonroek, and other places. 
It is beautifully exposed in Rothsay Bay, and round to Ascog, 
and is conspicuous on the east coast of Arran. 

The soil on all the highland mountains which I visited, 
from I>nnkeld to'Inveraray, vros of sand like sea-sand, with a 
small mixtnre of roUed stones. This is in all probability the 
same deposit with tlte third at highest alluvium of the Lo- 
tiiiana. There are deep beds of the same substance in the 
valleys, with huge fragments of rocks mixed with them, oe 
resting on their surface. Some of these fragments measure 
three or four yards eadi way, and must wei^ 50 tons or 
more. They arc generally angular, and belong to the rocks 
in the neighbourhood. They may be considered, I think, as 
representing the second alluvium of the Lothiaas, or the clay 
yntix angular stones. Of our lowest alluvium or stiff blue clay 
frith rolled stones, I did not observe a vestige ; and I saw 1^ 
superficial deposits in contact with the rock in so many in- 
stances, that if it had existed in the mountainous tract he- 
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tween Dunkeld and Inreraray, I tliiiik it could not hare 
escaped me. One characteristic of the dilBvium in the low 
eoonfay is, that it containa ftir-traTelled fragments of gndes, 
fbr instance, chlorite slate, aod even granite, which, in con- 
sequence of the long joamey, are always much rounded ; and 
when portHWS of the diluriam are destroyed, these blocks are 
-found loose on the eea-shore, and in the channels of rivers. 
In the long line from Taymouth to the Trosacfas, I looked 
carefully for blocks of gruiite, as the only ones to which a 
distant origin could be safely assigned ; bat among the my- 
riads of frf^mente, large and small, in GRendochart, round the 
head of Loch Earn, and along Lochs Lubnaig and Venacfaar 
to the Trossaehs, I did not discover a single piece even of one 
foot diameter. I renewed my search at Inveraray with th^ 
same want of success. Yet Inveraray is but fifteen miles from 
the granites of Ben Cmachan, and Glendochart is about the 
aame distance fr(»n those of the Muir of Ilannoch. We know 
that masses of primary slate, from Perthshire or Argyle, hav'e 
crossed the Ochil or Campsie Hills, and reached tiie LoMiiana, 
transported apparently by currents from the west. Are we to 
conclude that similar currents could not convey blocks over a 
much shorter distance — from the west side <^ the Grampians 
to tiie east — throi^b some of the openings in ihe chun 1. Or, 
shall we suppose tbat the Grampians, like the Alps, form a 
" centre of dispersion'' — that, when they rose up by great suc- 
cesave lifts, from the depths of the ocean, the water dislodged 
by tbeir upheaval rushed off in powerful currents to all pmnts 
of the compass, carrying fn^fment^ of their ro^ with it, 
mixing them with the pre-existing allaviam, which.it tore up 
and redeposited (rememioti, as the French writers say), and 
thus formed our rolled boulder clay ? If this were admitted, 
we might next suppose that the second alluvium, or clay wiih 
angular boulders, was formed by tbe action of tides and cur- 
rents afterwards, when the whole region wafi still under the 
sea; and the upper alluvium of sand and fine gravel last. 
But this is much too large a superstructure of theory to rest 
on so scanty a basis of foots. 

A copy of the above article was sent to Mr Darwin, whose 
speonlations on the Parallel Roads of Glenroy (see Edin~ 
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itwyA iVfiW Phihiophieal Journal, No. 54, for Oct. 1839) led 
htm to study the formation of sea-beaches in valleys with much 
care. He has favoured the author with some remarks in ex- 
plauatioQ of the difficulty arising from the inclined position of 
the terraces in the valley of the Tay.] 

"I can positively sseert," he says, " from barometrical mea- 
surements, and from finding sea-shells on the surface, and em- 
bedded, that the sea in retiring from a rising valley does leave 
sipping terraoes on the sides, like those described by you along 
the Tay. Such sloping terraces occur in Glen Spean, beneath 
the true parallel roads, and are laid down in Sir T. Lauder 
Dick's exceUent paper. Nor do I think their explanation diffi- 
cult, on the principles adopted by you, although, at first, I re- 
member thinking it not obvious. The case, I believe, is this, 
— that in places where detritus is freely brought down, as 
where a river or torrent enters the head of a creek of the sea, 

-tfae effect of an equable rise of the land, owing to the check 
given to the transport of the detritus at an infinite number of 
Bucoessif e levels, will be to produce a smooth slope, the incli- 
nation of which will be regulated by the amount of transported 
matter, and the form of the underlying rock. If a central slip, 
and here and there the sides, were removed, your terraces 

.would bo left. The ordinary efifeot of a period of rest in the 
elevatory forces, would simply be to render the bottom of the 

. valley flat during such period. There is, however, on early 
check to any great extension down the valley of these flat 
places, so as to become prominently, visible ; for, as soon as 

, the stream has to flow over a small breadth, where flat, it must 
drop its detritus, fill up its bed, change its course, and so on, 
until the entire fiat surface or terrace is converted into a talus- 
like slope, regulated by the force of the water in transporting 
matter from the valley above. As far as my experience goes, 
it is only when valleys are broad, generally near their mouths, 
that the sea eats out during periods of rest, the detritus accu- 

. molated during a rise, and thus forms clif&. High up valleys, I 

believe, it is the river which has removed the central strip, and 

has left the fringes of sloping terraces. Such fringes extend up 

- nearly every valley in the Cordillera of Chile, to the height of 
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several thousand feet, and are direct continuations of wide 
plains near the coaet, which are undoubtedly of marine origin.'* 

Mr Darwin refers to Sir T. Lauder Dick's paper in volume 
9th of the Edinburgh Transactione, and to hia own remarks 
at page 58 of his Memoir on Glenroy, in fiirther illustration of 
the subject. I have looked into both. Sir Thomas describes, 
at p. 37, four inclined shelves in Glenroj. They are far under 
the horizontal shelves or parallel roads ; and, as he states, they 
are not properly on the side of the hill, like the latter, but be- 
tween the hill and the river, and the lowest is most inclined. 
ITe notices similar shelves in Olean Spean, p. 41. 
■ The difference between the two deposits seems to be this. 
In a narrow valley, a horizontal shelf like one of the parallel 
roads is the product of the sea alone operating on the loose 
matter brought down by rains, or eroded from the rocks by 
the action of its own waves, duringa period ofrestwhen it stood 
at one level. On the other hand, an inclined shelf is the product 
of the sea, modified by the action of a large river flowing through 
the valley, and bearing detritus ; and it presents the sum of 
the operations of the sea and the river at a succession of dif- 
ferent levels, when the sea was subsiding. Each of the inclined 
shelves in Glenroy is a remnant of a deposit which once ex- 
tended across the valley in a curved line, and formed its bot^ 
torn. The parallel roads never extended across the valley, but 
were originally, what they are still, mere fringes of loose matter 
at the margin of the sea. 

It is, indeed, obvious, on a little reflection, that a con^ned 
and equable subsid^c^ of the sea would leave an alluvial depo- 
sit in the bottom of the valley with a surface pretty regularly 
inclined. It is only the oase of an intermittent subsidence that 
presents any difficulty, and of this difficulty Mr Darwin has ' 
offered a solution which is at least plausible. The floods in 
a river like the Tay would go far to obliterate irregularities of 
outline as they arose, by sweeping off prominent pari»- Mid 
filling up cavities. 
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Seport of the Retearckea of M, Agassis during his ttco last 
sojourns af VHotel-des-Neueh&telois, upon the Lomer Glacier 
of the Aar, in the years 1841 and 184.2. By M. E. Desor. 

(ContiinHd from page 178.) 



1. Exj>eriments on Infiltration. 
The theory of infiltrotioa admits that the water produced 
by superficial melting does not altogether escape by the inter- 
nal cavities or the terminal openings of the glacier ; and that 
a considerable portion of it penetrates into the tnteruu*, is 
tiiere congealed^ and so contributes partially to supply the 
loss which the glacier undergoes at the surface. This water 
peroolatee throughout the whole mass of the glacier, by means 
of a general net-work of cj^illary fissures, which fill the larger 
basins, the hollows of pools, cascades, &:c., in the same man- , 
ner as tiie minute blood-vessels supply the larger trunks in the 
living body. This net-work of ntinute fissures is so evident 
at tbe surface, that it admits of no doubt or dispute ; but, as 
formerly remarked, the opinion that the same arrangement 
pervades tbe whole mass, has been much contested. Hence 
it became necessary to devise some method whereby tbe fact, 
mi^ht be ascertained ; and this, it appeared, might be satis- 
factorily done by the introducticm of coloured liquids into tbe 
ice : for, if the dye coloured the ice to a certain depth, a proof 
woidd be afforded that the capillary fissures reached to tbe 
same extent Accordingly, M. Agassiz brought along wlUi 
bim a barrel filled with a highly concentrated infusion of log- 
wood, kindly prepared by M. Heari Da Pasqaier, and also a 
quantity of cbromate of potash, both of which are intense 
colours, without being expensive. We began by boring at 
the margin of a canal cut by the running stream near the 
Sotel-des-NeueAdtelois a couple of holes about two feet deep. 
Into each of these we poured about a quart (litre) of the in-. 
fiisiou of logwood, and in half-an-hour wo perceived that the 
wall of tbe ice was discoloured in front of one of the holes, 
and to the depth of a foot beneath the lowest part of the ex- 
cavation, and ere long the dye percolated from all the capU- 
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laty fisniree. In two hours, all the infiiBion had thiis {^rained 
off. The same eTening, the other hole also was qnite empty, 
and the wall of the ice, in front and beneath it, d^d in a 
similar manner. 

This, however, was not an unexceptionable experiment; 
for it might with troth have been objected, that, granting that 
the fissares extended so far, still it was nothing more than the 
result of the atmospheric influence. To meet this objection, it 
was proposed that we should bore perpendioulKly at the mar- 
^n of a deft, as deep as 15, 20, or 30 feet, and then intro' 
dace the colom^ liqnid. But even then it was possible that 
the liquid might escape l^ the sides of the bore, and it might 
have filtered vertio^f, where it would have been impossible 
it could be observed. It was, moreover, proposed to cat a 
gallery not far from the mai^n of the g^ier ; this, how- 
ever, would have been veiy laborious and tedious, and would 
likewise have been exposed to the objection brought against 
the experiment already detailed, on acoonnt of the alleged 
difference of the state of the ice near the surface and in the 
interior. At length vre discovered, upon the bntncfa of the 
Lautsr-Aar distant about a league &om the Hotel, and near 
the place where the transversal band, 500 feet long, was mea- 
sored — an arrangement which seemed admirably adapted tor 
our experiment Hwe we found two gr«it crevices, sepa- 
rated by a wall of ice fifteen feet thick, and as both were 
very deep, and wide enough to allow a descent to the extent 
of thirty feet and more, we determined to sink a gallery thirty 
feet, at its lowest portion. Four active hands were inmie- 
diately put upon it. They commenced by cutting a staircase 
along the narrower crevice ; and after having erected a small 
scaffold, they proceeded to form a gallery four feet hig^, and 
three wide. This was most annoying work, espeoiidly when 
the thaw at the snr^toe vras considerable, for then the water 
dropped from the roof of the gallery in great quantities, and 
thoroughly drenched those within it. Hence, they were all 
the better of the mountain breeEO and Alpine air when at 
work. When they had reached the depth of eight feet, 
M. Agassis determined, before proceeding farther, to make an 
experiment req>teting the infiltration. A hole, a foot in 
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diameter, was bored directly above the gallery, to the depth 
of five feet ; into this, at mid-day, w&s poured five quarts 
(litres) of the infusion of logwood, which all disappeared in 
half an hour. We had no doubt about the result of our ex- 
periment, for the presence of the capillary net-work travera- 
ing the entire masSj was now no longer an hypothecs, as the 
quantity of water infiltrating from the sides of Ae gallery was 
a clear demonstration to our senses. Id spite, however, of 
this, it was with much joy that we received the information, 
two hours and a half after the introduction of the infusion, 
that it had appeared on the roof of the gallery. We all be- 
took ourselves to the spot, where we clearly saw, at the upper 
angle of the roof, a large marking of a beautiful yellow colour, 
which could only have been produced by the infusion of the 
logwood. Presently we observed the spot enlarge downwards 
and laterally. We attentively observed the manner of its pro- 
pagation, and perceived that the coloured water insinu»ted 
itself into all the fissures, advancing very much per teUtem. 
In removing, with a hatehet, a part of the coloured portion, 
we distinctly observed that the colour pervaded only the capil- 
lary fissoreET, and that the icy interspaces were themselves 
quite colourless. After some hours, the tinting had reached 
as &r as the floor of the gallery, and was descending deeper 
and deeper. Thus we had a convincing proof that the capil- 
lary fissures are a phenomenon not of the surface only, since 
they exist at depths where external agents exercise no influ- 
ence, and that most probably they extend through the entire 
mass of the glacier. 

These infiltration experiments were often repeated, and 
always with the same results, the coloured liquid usually reach- 
ing the roof of the gallery in less than two hours. Whilst nar- 
rowly examining the circulation of the liquid in the interior 
of the ice, we were led to many observations upon the modi- 
fications and variations in the capillary fissures themselves, 
which, in general, are much larger than is usually supposed. 
We also noticed that the podurellw or ice-fieas (Degorta glaci- 
alis, Nic.) readily found their way Into them. We discovered 
these insects in the gnllery the very day it was opened, and 
we often saw them moving Ireely about in the interior of the 
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most compact ice, sooietimea at the depth of two or three 
inches. 

■ The phenomena of infiltration were, of all our experi- 
ments, the ones which most interested travellers ; and hence 
all our friends who took an interest in our researches were 
too happy to examine them. The gallery itself present- 
ed a ciirions spectacle, and involuntarily suggested to the 
mind some crystal grotto of the J^ies, surrounded as it was 
by subterranean and yet resplendent walls. For a time, all 
our ohserrations were made under the influence of the light of 
day. We were desirons of liliewise observing how the coloured 
liquid would appear during the darkness of night, and M. Agas- 
siz, accompanied by M. Escher de la Liotli, vbited the gallery 
after nightfall on the 1st of August. About 9 r.u. they poured 
two quarts of the infusion into the hole, and as it was then ex- 
ceedingly cold(the thermometer indicating — 0°. 6, or 30°. 9 F.), 
they scarcely hoped for a satisfactory result They imagined 
that the infusion would congeal before it could penetrate far ; 
and therefore, were all the more agreeably surprised to per- 
ceive the coloured liqoidon the roof of the gallery in five mi- 
nutes. Thus, it was demonstrated that the external cold did 
not hinder the infusion irom circulating in the capillary fis- 
sures, since it penetrated with more velocity than during the 
heat of the day. Hence, since the nocturnal cold did not sen- 
sibly influence the temperature of the ice, it was easy to ex- 
pbiin the accelerated movement of the liquid during the night ; 
for this simple reason, that as the fissures received lees of the 
surface-waters for several boors, they became empty, and con- 
sequently the passage of the iniusion was facilitated. The 
glacier might thus be compared to a sponge Irom which we 
have squeezed out the water, and which, of course, is all the 
more ready to receive more. The fissures, themselves, are 
also much more dbtinct during the ntght, and, with the light 
of a candle, rather than with that of day. In these circum- 
stances, they can be traced in the walls of the gallery to a 
d^th of about three feet. A li^t placed in the gallery could 
be seen very distinctly through the opposite wall, through & 
thickness amounting to eight feet and more. 

■ From this fact, an important deduction follows, Damely, that 
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if the infiltrated water oongeala in tlie interior of the glaawv 
and thereby determines its movement^ this congelation is not 
owing to the noctnmal cold) as was believed both by M. 
Oharpentier and by M. AgasME, On tiiia point, the result 
of our observations last year quite agree with the opinion 
of Professor Forbes : a subject to whi«^ we ehatl ere long re- 
turn. Bat our experiments upoa infiltration were not con- 
fined to the hard and compact ice of the glaciers, properly so 
called ; they were also r^eated upon the nevd and upon the 
ice of the nevg, and with results equally satisfactory. The 
true neve, composed of incoherent snow particles, could be 
impregnated with water in no other than in a uniform way. 
Bat it is more important to observe, that the adhering or con- 
nected nev^, in other words, tibat dull and opaque ioe which 
forms the substratum of the nev6, and which we call the 
ice of the nevi, imbibes water in precisely the same manner. 
In it we find 00 capillary fissures as in compact ice, serving as 
canals to the infiision ; but it spreads throughout the whoU 
mass, almost as in a porous rock, and with much greater ra- 
pidity tiian in the ice of a glacier, properly so called. More- 
over, the compoet ice itself also presents very marked differ- 
ences in the rapidity with which it is stained by the cohmring 
liquida. It often happened that we bored many holes near 
each other, and observed that the liquid was absorbed in some 
in a very short time, whilst it remained much longer in others. 
Struck by this difference, we investigated its cause, and dis- 
covered that tiioee holes which rapidly became empty had 
been sunk in bands of blue ice, whilst those which long re- 
tained the impres^oD were bored in the white ice. Henoe the 
difference clearly appeared to be a natural consequenoe of the 
structure of the blue ice, which ia traversed with many more 
fissures than the white. In thb particular, we find we are 
directly opposed to the statement of Professor Forbes, who 
mentions that it is the white bands that especially subserve 
the purpose of infiltration. It is true, that in proportion as 
the white ice loses its air-bubbles, in other words, becomes 
water-ice, glace d'eau, by the infiltration of the surface-water, 
its net-work of fissures increases, and finally it allows the 
transudation of the liquid as rapidly as the blue ice ; bat this 
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occarri only in the lover i^ona of its descent The ice of 
the gftller; afforded as an ezampld of this trEmsformation; far 
here we could bat imperfectly dietingaish between the white 
and tite blue tee, and the liquid everywhere infiltrated with 
the same rapidity. We have fonnd that the chromate of 
potash is preferable, for these expwiments, to the infosion 
of logwood, however strong it may be ; the ohromste, more- 
over, is of infinitely easier carriage, and dyee more deeply, 
especially when mixed with a little acetate of lead. With a 
quart of this solution we have coloored a considerable stream 
to the extent of many hundred feet. 

. From these experiments, it foUowa, that water transndes- 
through ice throughout the whole extent of the glacier ; that 
this transudati<Hi takes place in different ways, and with a 
velocity varying in different places ; that {in the nev^ the 
transudation is uniform in its progress; that iu glacier ice, 
properiy so called, it is effected by means of a net-work of ca- 
pillary fissures, which extend as far as we can penetrate, and 
probably thronghout the entire mass ; and, finally, that in the 
middle region of the gbicier, in wliich the difforences between 
the wlute ice and the blue, iriiich may be called the ice of in- 
filtration, are stUl marked, the transudation occurs much raot% 
rapidly in this latter than in the fwmer ; and in prq>ortion as 
these differences are lost, the infilteation talcea place in a uni- 
form maoner. 

These results are fully confirmed by the following observa- 
tions. When we remark, after a cold night, the diffnent hol- 
lows full of water, and which exist in great numbers at the 
snr&ce of the glader, we usually find the surface of the water 
covered with a pellicle of ice, which disappears as the day 
advances. In the morning this pellicle does not repose imme- - 
diately upon the water, but is separated by a space, which 
varies ^m half an inch to two inches, and even more. It 
be^ns to form immediately after sunset ; and often we see 
spiouI« of ice on the surface of the pools as early as dx 
o'clock. The ice thus protecting the water agunst evapora- 
tion, there remains bnt one means of explaining the diurnal 
lowering of its surfece, namely, the admitting the infiltration 
into dw interior. The same consequence results from the ^ 
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observations we have made upon the great reservoirs. When 
Tve arrived at the glacier of the Aar, at the heginiUDg of Joly 
1842, all the crevices, as well as the hollows of the older cas- 
cades, were filled with water even to overflowing; after a few 
days of fine weather, we readily perceived that the water had 
stmk;' and shortly afterwards it had so considerably diminished, 
that it was quite impossible to attribute the fall of the surface 
to the effect of evaporation alone. 

It would have been important to have ascertained how long 
the water which is engulphed in the glacier near the Hotel 
dea Neuckatehis takes ere it is discharged at the terminal 
vault. For the accomplishment of this dedrable object, va- 
rious experiments were proposed, some of which were in 
principle mechanical, and others chemical ; that mechanical 
method which appeared most simple, consisting in throwing" 
into a cascade some bodies, such as minute halls of wood, or 
saw-dust, which would float with the stream. The saw-duEt 
from the oak appeared the most suitable, on account of its 
specific gravity, which very nearly corresponds with that 
of water; although there was much reason to fear that it 
would but too readily adhere to the sides of the ice it encoun- 
tered. The chemical method would have been preferable on 
a small scale ; but it was very doubtful if any re-agent, how- 
ever energetic, could detect the presence of a solution in such 
an immense mass of water. Notwithstanding, we often tried 
it- M. Agassiz desired two sacks of saw-dust to be transport- 
ed from Meyringeri to the glacier, which were there throwd 
into a cascade or moulin, at a certain hour in the morning ; 
but we did not see the slightest trace of it at the extremity. 
On another occasion, 30 quarts (Utret) of the infusion of log- 
wood were poured into the same cascade, without affording a 
more satbfactory result. 

2. (M the Blue Sands, or those of Infiltration. 
Our attention, when continuously directed to the structure 
of glaciers, could not but be attracted to many particulars 
which are produced by the transformation to which the ice is 
subjected in the progress of its course. Long ago We had 
observed on the surface of the glaciers long rectilinear and 
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parallel fissures, wMch were remarkably niunerons in the vici- 
nity of the morains. The first explanation which occurred 
was, that these fissures were crevices. Their shallowness, 
however, their frequency, and the remarkable peculiarities 
.with which they, were accompanied, rendered this explanation 
by no means probable. In the year 1838, M. Guyot remarked 
on the glacier of Gries remarkable alternations in the condi- 
tion of the ice, alternations which seemed to correspond to 
these parallel fissures, or rather to be only a modification of 
them. He noticed a succession of laminse of different appear- 
ance, which seemed vertically arranged, and some of which 
were harder than others, so that they projected somewhat be- 
yond the others. M. Guyot communicated these observations 
verbally to the Geological Society of France, which met at 
Porrentruy in the month of September 1838. The fijllowing 
is an extract from his memoir. 

" Since the word stratum has escaped me, I must here point 
out to future observers a fact upon whose explanation I will 
not venture, seeing I have witnessed the phenomenon but 
once. It occurred at the summit of the Gries, at the height 
of about 7500 feet, a little beneath the line of the Fira, or high 
nev^, where the ice passes into the state of ^anular snow. 
The glacier at this height exhibits a vast sea of ice, descend- 
ing from the west in an almost imperceptible slope from sum- 
mits which are not very salient in appearance ; it covers the 
entire surface with a covering of uniform and indivisible ice, 

■ more than half a league wide, traversing the mule-path which 
: leads from the high Valais, by the Vale d'Egine, into the 
. volley of Formazza, and to the Lago Maggiore. At the ori^n 

■ of these two latter valleys, the ice, still half snowy, diverges 
t northward to form the beautiful glacier of Gries, properly 

so called, and to the south to form tlie much smaller gla- 
cier of Bettelmatten. In ascending to the origin of this 
last, that I might more narrowly examine the nature, for- 
mation, and deviation of the great transversal clefts, I ob- 
• served that the surface of the glacier under my feet was 
' quite covered with regular furrows irom one to two inches in 
breadth, hollowed out in a half snowy mass, and separated by 

■ projecting lamince, composed of harder, and more transparent 
ice. It was here evident that the mass of the glacier was 
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composed of two kinds ttf ice, tiie ooe (tlut of the fbRom) 
etiU snowy uid softer, tlie other (that z£ the luninte) more 
perfect, (9*76talline, glassy, and mora renttent ; aod that tt 
was to the unequal resistance which they offered to the action 
of the atmosphere, that was due the hcdlows of the fumnn, 
and the projectioiu of the harder laminn. After having tra- 
versed them many fanndred yards, I reached the margni of a 
great cleft, from 20 to 30 feet wide, iriuoli, cutting perpendi- 
cularly in the direction of tiw furrows, and diHoovering the 
interior of the glacier to the dearth of 30 or 40 feet, allowed 
us accurately to distingnbh the stmctttre of the ioe in a most 
beantifal transverse section. As &r and deep as my view ex- 
tended, I saw ^e mass of the glacier composed of a multitude 
of minute strata of snowy ice, sepamted every one from its 
neighbour by one of the icy laminse above alluded to, and 
forming a regular stratified whole, not unlike to certain 8dii»< 
tose limestones. They correeponded on tite two sides of the 
deft, exactly like the strMa on the t^tpooite sides of a trans- 
versal valley." 

All who had uiy aocnrate knowledge of glaciers were aware 
that this phenomenon was strictly allied to tite superficial fis- 
sures which I hare alhided to above 4 at the same time, as 
t^ey were ignorant of the cause, tiiey were content to register 
it among those nnmeroos facts whidt still required elncida- 
tion. M. Agaosiz, in his Etudts tur let Glaeien, speaks of it 
only casnally ; nevertiieleM. oar attenticmwas often directed to- 
waids these remarkable appearances during the sojourn we 
made upon the glacier of the Aar, in the month of August LS40 ; 
and we were often astonidied at tiieir r^uluity, remarking, 
that they scarcely commenoed sooner than at a league above 
the extremity of the gainer. I well remember, that oheo, 
when walking with M. Nicolet in the neighboorkood of o«r 
hut, I used the blade of my knife to satisfy myself that tiie 
fissures bad really in the interiw that reniatkable continutty 
which characterizes them upon the surface of the gla^er. 

In 1841, the ^>ocb at whidi we comm»iced to study m de- 
tail the different phenomena which the glaciers present, the 
longitudinal fissures, and their actual relatitm with Uie bands 
mentioned by M. Guyot, could not fail to attract onr attentioo. 
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{^trfisesor F(Hl)es,npon die invitaticm of M. Agassiz, joined as at 
the commencement of the campaign, with the intention of stody- 
ing, along with as, the diffirent phenomena in general physics 
which the glaciers present. Tha parallel fissures often consti- 
tnted, during the three weeks we toge^er inhabited the Hotel 
tUi ^feuchHetou, the sobject <iS oar communings and our diA- 
cussions ; they appeared to us much more conspicuous than in 
the former years, and when they were examined at the margin 
of a crevice, it was distinctly seen that they oorreeponded to blue 
bands of a very deep tint, which penetrated as far aa the eye 
could follow them into the (aevices. They were seen equally 
distinctly in the bed of all the streamlets which flowed near to 
the Motel deg Nenek&teMt, and, in general, in all submerged 
places. The smt^ space cleared of the rocky drttris which 
separates the two portioni of the middle morain at the Hotel 
dee NeucAAleioiM, displayed it in abandance i and the pheno- 
menon was seen in perfection when w» cleared away a part of 
the moraine. We even remarked that it was uodw the mo- 
raine, and in its immediate neighbourhood that the blue bands 
were largest and most nomeroos, so much so that in certain 
places the glacier t^peared to be reaUy ocHnposed of immense 
platei of glass parallel to eaeh odier, and in juxtaposition. 
Hence we nevMr fsiled when any of our fHends paid tie a visit 
to clear away a center of the mtMaine to shew them the blue 
bands, and many of them were so sinpriaed diat they imagined 
it was a phenomenon which we had artificially prodnced. The 
bands are of variable width, and their nnmber in dilTerent 
parts of Ae glacier varies ne lees. Some are ten inches or a 
foot broad ; otfaen scarcely a ^ano. Upon the vrfiole, the white 
prevail greatly ovw the blue bfmds, although there are places 
to which the latter occupy newly as much i^aca as the former. 
When first exposed, the bands of bine ice are perfectly trans- 
parent, and the eye can penetrate many feet deep. But Has 
traiu^Murency c<mtinnes but for a yerj ^ort time, and speedUy 
minute cracks are perceived, at first superficial, bnt soon they 
form a net-woik, and deprive the blue ice of all its transpa- 
rency. These crat^ also pervade the white bands ; and ou 
i^roximating the ear to the ice, we distinctly hear a sli^t 
nmse of ra«pitatik» produced at the moment of tiiw fofma- 
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tion. We were naturally curioas to know if these blue bands 
penetrated far into the iuterior of the glacier, and it was his 
interest in this point that led M. Agassiz to descend one of the 
pits of the glacier to the depth of 120 feet. I shall extract 
the following passage from his paper in the Edinburgh Philo- 
sophical Jonmal, which relates to his descent, which we were 
in the habit of calling his descente aux enfers. 

" It was toward the termination of our residence on the 
glacier, when we had finished our boring, and were preparing 
to depart, that, while discussing the phenomena we had ob- 
served, one of the party remarked, that it would perhaps be 
easy to descend, without danger, into some one of the pits of 
the glacier, and that^ perhaps, some unexpected appearances 
might thus be observed. "We all joined in thb opinion, and 
without delay eominenced seeking for a pit suited for the 
purpose. These pits, as I have remarked in my ExoDis sdr 
LEs Glaciers, are probably old crevasses, which asmall stream 
of water bas prevented from being completely closed; so that, 
instead of being of an elongated form, they are, on the con- 
trary, for the most part circular, and the rivulet, far from con- 
tracting them, tends, especially, when considerable, to enlarge 
them more and more, We found one of these pits at some dis- 
tance from our hut, which seemed well adapted for our object ; 
its month had a diameter of eight feet, and it seemed to pe- 
netrate vertically to a great depth. I resolved, accordingly, 
to descend ; and to accomplish this, it was necessary, first, to 
cut off the stream, by making another channel for it We set 
all hands to work ; and when the new bed was formed, I sent 
my men to procure the /rt]porf, .which had been used for the 
boring operations, and placed it over the pit. A board, ,on 
which I was to ^t, was fixed to the end of the rope, and I was 
secured to tiiat rope by a strap, which passed under my arms, 
so that my hands were left tree. In order to protect me from 
the water, which we were not able to turn o£f completely, the 
guides covered my shoulders with a goat's skin, and put a 
marmot-skin cap on my head. Thus accoutred, I descended, 
provided with a hammer and a staff. My friend Escber was 
to direct the descent, and for this purpQsehe lay forward on his 
. face, with his. ear han^g over the side, the better .to hear 
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my directions. It was agreed, that so long as I did ncA re- 
quest to be drawn up, I shonld be allowed to descend, as tta 
at least e& M. Escher could distinctly hear my vcoce, I 
reached a depth of 80 feet without encountering any obstacle, 
attentively examining the lamellar structure of the glacier, 
and the small stalactites of ice, which were attached on all 
sides to the walls of the pit. These stalactites were from 2 to 
3 or 6 inches long, and only a few lines iu diameter ; and they 
were bent like books fixed in the walls. It was evident that 
they were produced by an exudation from the walls of the pit ; 
for if they had resulted from the water falling from the sur- 
face of the glacier, they would not have been so uniform, nor 
so equally distributed over the whole surface of the sides. 
Those which were really derived from the cascade of water 
from above were much larger, were more closely united to 
Ihe wall of the ice, and were, moreover, limited to one of the 
sides of the passage. The bands of the blue ice became per- 
ceptibly broader as I descended ; they were less sharply marked 
than above, and the remainder of the mass, of an inferior de- 
gree of whiteness, was less distinctly contrasted vrith the inter- 
mediate deeper coloured laminse. At a depth of about 80 feet, 
I encountered a ridge of ice which divided the pit into two 
compartments, and I endeavoured to enter the widest ; but 
could not penetrate more than 5 or 6 feet, because the pas- 
sage became divided into several narrow canals. I caused 
myself to be raised a little, and making the rope deviate from 
the vertical line, I got into the other compartment. I had 
observed in descending, that there was water at the bottom 
of the pit, but supposed it was at a very great depth ; and as 
my attention was especially dii%cted to the vra-tical buids^ 
which I continued to trace by means of the light reflected by 
the brilliant walls of the ice, I was very much astonished when 
I snddenly felt that my feet were immersed in water. I im- 
mediately directed that 1 should be raised, bat my order was 
misnnderstood, and I found I was descending instead of as- 
cending. I then uttered a cry of distress, which was heard, 
and I was raised before it was necessary to have recourse 
to swimming. I felt as if I had never before encountered 
water so cold. Fn^fments of ice floatedon its sorfaoe, oonse- 
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qnedtly |uec«s of broken etalactitos ; and the walU of the pit 
wwe rough to tbe touch, donbtleu owing to the capillary 
fissures. 

" I should have wished to have remained somewhat longer, 
to have examined in detail the structure of the ice, and en- 
joyed the singular spectacle of the blue sky, bb seen ttom the 
bottom of tbe abyss ; but the cold obliged me to ascend as 
soon as possible. On reaoKing the surface, my friends in* 
fimned me of their anxiety for my safety on hearing my oriesi 
and of the great difficulty they had experienced in drawing me 
up, though they were e^ht in number. I had, however, re* 
fleeted but little on the danger of my position. Perhaps, had 
I previonsly known it, 1 should not have so exposed myself; 
ftw, if one of the sharp-pointed flakes of ice lining the walls 
had been detached by the friction of the rope, and had struck 
me In its frill, the danger would have been great. I would, 
therefore, advise no one to repeat the experiment, unleBS for 
some impcHiant soi^itific purpose." 

Like many other natural phenomena, that of ^ese blue 
bands, in other words, the ribboned stmoture of glaciers, gave 
rise to many singular suppositions ; and this tendency to ima- 
gine extraordinary causes for the explication of iacts, which 
are fbr the first time observed with attentum, is very remarit* 
able. Without doubt, die ice of om* lakes and rivers exhibits 
no appearance of this sort ; and we should not be astonished 
at this, since the origin of glaciers is wholly diferent from 
that of common ice. If we follow one of these bands through* 
oat a more or less considerable extent, we speedily disoovw 
that they invariably grow narrower, and become more rare as 
they ascend towards the neri. It is at their ori^n, then, that 
we must examine them attentively, ere we shall be able to 
distinguish the causes which produce them. In 1841, M. 
Agaasiz expressed the opinion, that the blue bands are bands 
of ice formed from water, in the midst of the white ice which 
is the prodnct of the sev^ ; and he thus conceived that they 
constituted one of the means hy which the water infiltered 
into the interior of the glacier, and so prodnced its move- 
ment. Professor Forbes, on the other hand, in the acooont 
of his researches of 1841, simply compared them to the dear- 
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age of rocks. Thia camparisoD, however, explains nothiiig,- 
aod there is Dot much analogy between a mass of rock and % 
glacier. 

During the winter of 1841-2, these blue bands gave rise t» 
ke«n discusstons ; and henoe were an object of our marked at-: 
tention during our expedition of the Bummer 1842. la faet* 
we were scarcely settled again at the Sotd det Neuch&idoii^ 
when every one eontmeuced to collect the wh(de of the facta, 
for the purpose of ezpltuning the phenomeoon to the most sa- 
tisfactory manner. Numerous observations hare, in every re- 
spect, confirmed M.Agassiz'8 first suppositions conoemiikg the 
origin of the blue bands, namely, that they are simply bands 
of pure ice produced from water — an account which, at the 
same time explains why these bands are especially numerous 
near the moraine, where the glacier is sul^scted to tite moat 
rapid thawing. We have not ^ace here to produce all the 
observations and experiments upon whi(^ this ezplanaticm ia 
grounded ; and, therefore, we refer our readers to the work 
of M- Agassiz, which is in the press, wherein this question 
will be fully considered, and accompanied with plans and 
pl^^ whieh will facilitate its can^rehension. I ^iall only 
state, that tQ arrive at an accurate knowledge of their distri- 
bution, M. Agassiz caused a trench to be cut a foot wide aevoaa 
the whole breadth of the glacier, extending to 4000 feet, And 
to a depth suf&cient for the distinct examination of the bands^ 
even in those localities where the surface was most disin- 
tegrated. 

This trench, opened at about a league firom the Sotel dt 
Neueh&teleig, was included in the transversal band of 500 feet, 
of which we shall say more hereafter. It results Irom the 
observations, made with the greatest eare by M. Vogt, and 
traced on a scale of one-tenth of the natural site, not only 
that the bands are much mtH'e numerous and broader under 
the moraines and in their neighboiKhood, but also that there 
are very marked differences between the right and the left 
banks — differences which evidently result from the position 
of the valley in relation to the sun. Upon the right bank, 
which is protected from the solar rays by the Grunbei^, the 
bands are fewer and more distinctly circumacribed than on the 
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left, where the \^oIe mass u, as it were, more advanced in its 
deyelopment. For the same reason also, we find the bands 
farther down dieUnct on the right side, when none exist oa 
the left. In a word, the bands disappear at the distance of a 
league from the extremity of the glacier ; or, at all events, we 
very seldom find them distinct farther down. At the terminal 
extremity, the whole mass is, as It were, transformed into blae 
ice, and it is the ice fitll of air-bubbles, or the white bands, 
which are the exception. As the lamellar structure disap- 
pears, the strife seem to assume a certain leaf-like appearance, 
which must not bo confounded with the ribboned structm-e. 
On the side of the nev€, the blue bands of the glacier of the 
Aar do not extend much more than a league above the Hotel 
des Neuch&teleii, and Professor Forbes is certainly mistaken, 
when he alleges they may be traced thronghont the whole 
glacier oS the Finsteraar. I have indeed here and there met 
with some sli^t trace of them, even above the Abechwnng, but 
they are go slight and irregular, that they must be regarded 
only as exceptional. Numerous observations have likewise 
been made upon the direction of the blue bands, and also on 
their inclination, which, with those regarding the hardness of 
tiie different kinds t^ ice, will be published in detail in M. 
Agassiz's work. 

Professor Forbes, also, in 1843, resumed the study of the 
blue bands ; and as if the comparison be bad made the previ- 
ous year between these bands and the cleavage of certain rocks 
constituted an obligation to persist in the same explanation, 
be assumes this analog; as the starting point of his new re- 
searches, and endeavours to convince us, that the blue bands 
are owing to the fiiction of two glaciers moving with an un- 
equal velocity ; adding, that between two strata of rock, we 
often meet with intermediate bands which seem modified by 
the Miction which the former have exercised upon each other. 
The mere quoting of this explanation is sufficient for its re- 
liitation. 

3. On Stratification. 

The stratification apparent in the glaciers is a phenomenon 

to which all the attention it merits has not hitherto been given, 
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M- Agas^, it IB true, had ancoTiBced the &«t, that all glaciers 
are stratified, and had given a figure representing this arrange- 
ment in his Atlas ; hnt he had not Eufficiently iofiiated upon the 
manner of its existence, and of the diS^erent circumstances 
which usually accompany the stratification ; and it was not till 
last year (1842) that it was studied with all the attention it 
deserved. It is truly astonishing that so important a pheno* 
meoon had not heen previously investigated. It was only in 
the higher regions of the nev^ in which, with unanimous con- 
sent, stratification was admitted. There, indeed, it is so dis- 
tinct, that, when standing upon the margin of one of those 
great hollows which are met with in all nev€s, yon may dis- 
tinctly count the number of the layers. On this point, 1 refer 
the reader to what I have sdd elsewhere, when describing the 
immense hollows we observed in the upper parts of the glacier 
of Viesch, when ascending by the Col de I'Oberaar to the Jung- 
frau.* As to the strata of glaciers properly so called, many 
authors, and among others M. Ch»pentier, formally denied 
their exbtence, maintaining that they could exist only in the 
neve. The following question, however, as it appears to me, 
mi^t very readily occur to the minds of the observers who 
were cognisant of the phenomena of stratification in the more 
elevated regions, namely, what became of those annual strata, 
so regular, and so well defined in their superposition % It is 
true, that when we compare this very distinct supeiposition 
vrith the uniform appearance of the walls of the crevasses in 
the less elevated regions, where the whole mass is of a pro- 
verbial uniformity, we are very naturally led ta suppose that 
these strata must have been necessarily ^aced by the suc- 
cessive transformations which the ice has undergone; and it 
is probably owing to Professor Forbes having confined his at- 
tention to these regions, that he fell into the strange error of 
confounding the strata of the glaciers with the blue bands. 
In his latter pabhcations, he positively affirms, so far follow 
iog M. de Charpentier, that th« glaciers are destitute of stra- 
tification, whilst he has actually witnessed the strata as we 
have done, and has even given a sketch of them in one of his 

■ Sw BOA, ThAi. Norembar 1841 (vol, luti.), p. UO, M «av, 
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letters : new proof tliis how difficult it is to guard against the 
tendency of our minds to confound phenomena as identical, 
which have only an external resemblance. It is probable that 
if Professor Forbes had been less preoccupied with the vast 
importance of the blue bands which he was in the habit of re- 
garding as his exclusive domain, he would not have hazarded 
so unsatisfactory an explanation. After having viewed from 
the height of some commanding summit the out-croppings of 
the strata, he should have descended to the nev^, and then fol- 
lowed the windings of the same lines he had before observed, 
compared and sketched when above them, and he would then 
have soon been convinced that these lines have nothing in 
common with what he has designated the ribboned struc- 
ture, answering to our blue lines, but that they are truly real 
strata. He would have seen, in particular, that at the limit 
of these out-croppings the strata are distinctly separated, and 
that he might there readily introduce a knife, or any other 
slender body, to a considerable depth. 

Assuredly, nothing is more natural than the presence of 
these strata or beds in the glacier. Every winter there falls 
in the higher regions nearly an equal quantity of snow- To- 
wards spring, when the temperature begins to increase, and 
when alternations of thaw and frost occur, there is formed oii 
the surface of this bed a hard crust, which becomes thicker iti 
proportion as the frost and thaw are more frequent. ThiS 
ft'ozen crust on which the dust upborne by the winds and tem- 
pests of straimer descends, separates the bed of the former 
winter from the covering of snow which falls the ensuing one ; 
whence it results that, in the hollows of the great circuses, alt 
the beds are separated by beds or zones or laminte of ice more 
or less tarnished and soiled. As thus the quantity of snow which 
falls in these elevated regions is nearly the same every year, 
as remarked by the mountaineers, what more natural than 
that the superimposed strata should be of nearly the same 
thickness t The idea that these beds are annual deposits, 
occurs spontaneously to the mind ; it is the opinion generally 
entertained by the inhabitants of the Alps ; and no naturalist 
that I know has hitherto thought of questioning its accuracy. 

We sometimes, nevertheless, observe striking irregularities 

C.oogic 



Iteport of the Regearche« of M. AgauiK. MT 

m the mictet of the geoeral unifimiity ; thffi, initwMi of » 
hed of seveQ to ten feet, we find two of from three to four 
feet in thiokneM. In this case, we most admit a long interVal 
between the snow-falb of the same winter. It is thus that, 
during the winter of 1840-41, after the snows of antumo, tha 
environs of the Ghnmsel, and of the glacier of the Aar, enjoyed 
throughout the whole months of Decemher and January a mild 
temperature and a serene sky. The temperature in the wanner 
days must have been above zero even in the higfaeet regions, 
and this would have been sufficient to form a superficial criAt ; 
separating die snow which fell in autumn fty>m tiiat which fell 
in spring. Hence we ehouM not be astonisbed to find at some 
future period a double stratum corresponding to this wint«I*, 
when, in consequence of the movement of the whole glatner, 
these masses shall have been engi^ed in the common move- 
ment. 

Thia explanation of the formation of the annual hed« ie so 
natural, tiiat I think it oannot be disputed by any one. Unfor- 
tunately, tlie superposition of the beds is visible in the most 
elevated positions only, where very few naturalists go to ex- 
amine them. Lower down the nev6 succeeds, which is com- 
pact, and here the crevi»s<es ere generally too few and dialloW 
to allow our observing the stratification ; and as to the glacier, 
prt^erly so called, it exhibits at its surface only very &int 
traces of the phenomenon. U is only by ascending to an ele- 
vated part of the highest ridges, where we command an exten- 
sive view of Uie whole glacier, and by extending our prospect 
from these upper regitms, where the out-croppings of the beds 
are very distinct, to the less elevated districts, that we perceive 
these croppings extend from above downwards, but always less 
and less distinct as we approach tlie extremity of tfie ghicier. 
By thus having the wh<4e of the phenomenon at once under our 
view, we are easily convinced that the strata exist throughout 
the whole length of the glacier, however obscure they may ap* 
pear at first sight. It is in this way much as it is in metamor- 
phic rocks. At first view, no one would recognise beds in those 
gr^ittc wrib wliich auiround P Hospice du Grimsel ; but if we 
ascend one itf the environing summits, we are soon persuaded, 
white briM^diag the eoKrtmnt direction of -the lines, that th* 
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wliole mass is stratified, thoogh io a manner &<nnewhat ob^ 

score. 

The outline of the strata is very far from being similar. If 
Hie glacier moved in an equable manner throughout its vriiole 
mass, we might, without doubt, expect to find all the project- 
ing lines regular ; but if the movement occurs irregularly, and 
the middle part mores more rapidly than the sides, or shall have 
deep and hollow beds, and if the more rapid movement in the 
middle continues throughout the whole extent of the glacier, 
the eurves will thereby approximate more and more, and 
finally will assume the form of a very pointed arch, known by 
architects under the name of ogive. Now, this is precisely 
what takes place ; and it is this which, when it reaches a cer- 
tun limit, makes it so diffioolt to recognise the outline of these 
so greatly prolonged arches or curves. 

Another complication presents itself, when the glacier is 
composed of several portions or tributaries. Each portion at 
first has its own system of beds, and in the more elevated re- 
gions, where the movement is quite regular, the outline of the 
various portions has a considerable resemblance to that of 
imbricated tiles. But this regularity exists only in the most 
elevated re^ons. Speedily, from local causes, such as &e 
irregularity of the ground, the shape of the valleys, the rela- 
tive position and size of the different glaciers themselves, &c., 
the movement ceases to be equal in the different portions ; 
some are more stationary, while the others advance more ra- 
pidly, and speedily the one which takes the lead so prevails 
over the others, that it appears completely to siqiersede them. 
The lower glacier of the Aar is very instructive on this point, 
and the mutual combination of the several tributaries, as 
they are severally encountered, is one of the most curious 
phenomena of stratification. An examination of the chart 
which M. Agassiz is now preparing will illustrate this matter 
more than the most ample and detailed description. 

This, for the present, must suffice, in proof that the gla- 
cier is really stratified ; also, that the strata correspond to 
the beds of snow which annually fell in the most elevated 
re^ons ; that these strata, at first truisversal, slowly and 
gradually become curved in consequence of the more accele- 
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ratod Hiovement of the middle portion, and that this-accele- 
Toted mOTement, continning throughout the whole length of 
the glacier, the arches also are proportionally prolonged and 
straitened, till at last they exhibit the form of very prolonged 
ogiTes. 

The combination of blue hands, or banda of infiltration, with 
the strata, is very readily recognised in the upper regions of 
the glacier, properly so called, where their out-croppings are 
still sensibly transverse, or but slightly convex ; for as the blue 
bands are usually parallel to the axis of the glacier, they cross 
the projections of the strata at different angles. But, in pro- 
portion as these arcs are elongated, and as their sides become 
parallel to the direction of the valley, the difficulties increase, 
and then we can scarcely distinguish the two kinds of pheno- 
mena, except after they have been made an object of detailed 
study. The mode in which Professor Forbes attempts to ex- 
plain the constitution of the glacier of the Hhone, is an excel- 
lent proof of this. It is known that the glacier of the Rhone, 
about half a league above its inferior extremity, presents a 
considerable disruption — dbouiemeni, — ^which is known under 
the name of the Cascade of the glacier, and which is admired 
by all travellers as highly picturesque. Below this cascade 
the glacier resumes its regular course, and there is seen on its 
surface a series of lines or arcs, at first but little curved, and 
almost transverse, which stretch out more and more, until 
they describe semicircles, and finally the prolonged arches or 
ogives. The crevices form a right angle with these lines, 
whence it results that where these latter are longitudinal (on 
the sides of the arches), the crevices are transversal ; and 
where the lines are transversal (for example, at the anterior 
margin of the glacier), the crevices are longitudinal. This 
remarkable antagonism of the arched lines with the crevices, 
of which Professor Forbes has given a sketch in the Edinburgh 
Philosophical Jonmal,* is so evident, that no one can question 
it. But the explanation which the learned Professor offers of 
the phenomena appears to me altogether erroneous : He sup- 
poses that a pressure from the descending mass operates in 

* Vol. xuU. p. 88, JW1IU17 1843. 
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tiie middle of the glacier, at the b:i3e of the cascade, and tbat 
this pressure, by fon^ng forward the concentric arcs, pro- 
duces the appearance of curves 'n^tich exists ; and because the 
crerices are at right angles with the arched lines, he condndes 
that they are the blue bands. Unquestionably, it is -a fact, 
speaking generally, that the blue bands intersect the crerices 
at right angles, and we willingly concede that Proftseor Forbes 
was the first who pointed out the circumstance to the attention 
of observers ; bat surely this is insufficient ground fw the in- 
'ferenee, that all the lines or outlines which exhibit this pecu- 
Barity are consequently blue bands. We hare a thorough 
conviction, that if Professor Forbes, instead of coufiduig in 
■Uie infallibility erf this role, had more narrowly examined the 
structure of these concentric arches, he would have been satis- 
fied that they do not at all - correspond to the primitive blue 
bands (his ribboned structure) ; that these latter are much -fewer, 
and that where they exist tbey do not coincide with the arched 
lines of the surface, which are so readily distinguished hi^er 
up, at Meyenmand. I believe, that, with a closer attenUon to 
facts, we might give a more natural account of all the pheno- 
mena. In truth, to every one who notices the arrangement 
of the strata in a glacier, it is evident that tJiese concentric 
lines which Professor Forbes regards as blue bands, are no- 
thing else than the outcroppings of the strata. Now, if we 
admit that the cascade dislocates the glacier only at die sur- 
face, there is nothing astonishing in finding that it produces 
beneath the same arrangement of strata which prevailed above. 
The only peculiarity which presents any difficulties is the fact, 
that the arched Imes are almost transversal &t the foot of the 
cascade, whilst farmer down they form curves which are more 
and more prolonged. It is as if the glacier was again re-formed 
after it had passed the &I1. Feiiiaps, also, die strata are but 
little arched immediately above the cascade, and in that case 
Aere would be nothing astonishing that their outlines corre- 
sponded beneath also. The whole difficulty, then, comes to 
this : Does the cascade break up the glacier tlirougbout its 
whole depth, or is the whole phenomenon confiTwd to the sur- 
face \ The examination of the strata at tiiie upper part of Ac 
glacier can alonesolvft this proMein. 
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4. Obsfirvatiotu on the pretended Furity of Ice. 

ContiQaed researcbea often lead to the invalidation of opi- 
nions which are very generally adopted. It is a pt-eTtuling 
opinion vrith the monntaine»9, and from tJiem has found its 
way as an undoubted dogma into the works of naturalists and 
natural philosophers, tiiat thd ice of the glaciers is perfectly 
pore. This alleged purity is even become proverbial in some 
countries ; and from the time of Scheuchzer and De Saussure. 
down to that of Charpentier and Agassia, every one was for- 
ward to confirm it. When in tbe clear atmosphere of the 
high Alps, under die serenest sky, we contemplate those walls 
and Tanlts, whose lustre rivals the bright taure of the firma- 
ment, we readily persuade ourselves that the ice which com- 
poses them must be perfectly pure. And notwithstanding, if 
we reflect upon it, we shall find that we have no plausible 
room for admitting the absolute purity of the ieo of the gla^ 
ders. A long sojourn amidst the ice of the Al^ can alone 
reveal to us the true state of matters, and inform ub of the 
imperi^ctions and intimate defects of the glacier, fsx this ice, 
so exceedingly transparent, has its own share of impnritieB. 
In the year 1840, when we visited fte gfotto at the exta^emity 
of tlie upper giacier of Grindelwald, we discovered, not without 
Biuprise, a rolled pebble in the midst of tbe ice, and M. Agas- 
siz directed the surrounding ice to be carefully removed, tbat, 
if possible, we might learn how it had been introduced. But 
We discovered absolutely nothing which gave ne the slightest 
information on the point ; the sniTOundiog ice exhibited no- 
thing particuhir ; and as there was only this single pebble in 
the whole surrounding mass, we inferred it had probably fallen 
into a crevice which subsequently was closed up.* 

M. Bscher de la Linth was the first who shook our confi- 
dence on this point, by informing us he had seen in tlie glacier 
of Viesch large pebbles embedded in very pure ic«. Never- 
theless, we did not arrive at the knowledge of the true state 
of matters till the year 1842. In catting a drain near the 
Ifotel dea Neueh&telotBi we noticed that one of the blu« bandA 

* «a« HU. UblnmriU fbr April l»l, vol. isdL p. 3M 
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enclosed a regular bed of gravel nearly half an inch thick, and 
which penetrated into a depth of more than two feet. Our 
attention being excited by this occurrence, we examined the 
glacier with this object, and it was not Icmg before we disetH 
vered grarel, and the minute debris of rocks in many other 
bonds. At a later period, when we had learned to distinguish 
between the strata of the glacier and the blue bands, we regu- 
larly found that the greater naroher of the projections of the 
strata were accompanied with a slight bed of gravel ; and, as 
it always happens, these traces of gravel become, in their turn, 
a distinctive character of the strata. 

Whilst lH»-ing the gallery of infiltration, we likewise re- 
marked traces of gravel in many places at the depth of eighteen 
feet. We even discovered in the roof of the gallery a com- 
mon fly in perfect preservation, with its wings and legs entire, 
and at the distance of a few inches many fin^ments of differ- 
ent grasses equally well preserved. When we had once ac- 
quired the certainty that all parts of the glacier enclosed fo- 
reign bodies in greater or less quantity, wishing to take an 
approximate measure of this quantity, M. Agassiz caused the 
splinters of ice to be collected which the piercer detached 
from its point, which their lesser specific gravity brought to 
the surface from a depth of about 20 feet. These splintera 
were all of an ice apparently pure and perfectly transparent, 
especially where the air-bubhlcs did not supersbound. The 
quantity of ice thus collected yielded 27 quarts (lUrea) of wa- 
ter. This water deposited, at the bottom of the containing 
vessel, which bad been thoroughly cleaned, a layer of very fine 
siUceoos sand, which weighed 64 grammes, so that each quart 
of water did not contain less than 2} grammes of foreign mat- 
ters, or about 50 grains. 

What was the origin of this sand \ A question this which 
may the more naturally be put, after it has been so long held 
and taught that the glacier ice does not contain, and could 
not contain, any foreign body. To explmu the presence of 
this sand in the interior of a glacier, and at alt depths, it is 
necessary to remember that each bed of snow which falls 
during the winter in the elevated regions remains uncovered 
during the ensuing summer, — that daring this season the wind 
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y/tift& towards it a certain quantity of dust and other foreign 
matters ; for, although the dust is less abundant in these re* 
gions than in the valleys beneath, tempests are not wanting 
which elevate it from time to time. But ihe stratum of snow 
which is at the surface this year is covered the next by an- 
other, and the dust which had accumulated upon its surfacCr 
thus passes into the interior of the mass. At a later period, 
this snow is transformed into ice, and as the dust it contains 
is very fine, it will percolate, and probably circulate with tlie 
water, across the capillary fissures, so as to be uniformly spread 
throughout the mass. A direct proof that it is decidedly in 
this manner that these occurrences take place, is supplied by 
ihe iact, that the blue bands, in which water circulates much 
more frequently than in common ice, likewise contain a much 
more considerable quantity of gravel. This in no degree pre- 
vents a portion of the gravel from remaining on the surface 
of the beds, and hence their outcroppings are always more or 
less soiled. 

We might cite, in confinnation of these observations, the' 
fact, that the ice, however pure in appearance, never supplies 
a water that is perfectly limpid ; it always, more or less, ex- 
hibits the milky hue which characterizes the water of all 
glaciers; and when it is left at rest, it usually deposits a 
reudue which is somewhat flocculent. Chemical analyses 
of the water of glaciers have hitherto thrown no light on these 
points. 

{To be continued.) 



On the Composition of Avanlurine-Olofg. 'By Professor 
F. WShlek. 

Arti7ICIal AvANTUttiHE 18 a brown Gbss with included 
small, very brilliant, spangles, which give it a peculiar shining 
appearance. It was formerly employed for various articles of art 
and ornament, and was manufactured at Murano, near Venice. 
When my friend and colleague Professor Hausmann (to whom 



iM,Googlc 



314 Oh the OnHpon*^ »f Avtmturime-Qlau. 

I am indebted for the hiatorioal infbnutioB) visited Uie VeB&- 
t!aa CHasa Maaa&otoriee in 1818, it wu no longer oaode, and. 
nothing could be ktinied of its mode of prepaiation, which 
aeented to h&ve repuined a Beorat. Tha infonnstuMi on the 
subject, aSbrded by teobnologiool works, acooiding te tdiich 
avanturinc-glaea ia produced by the fuiioa of fine laftflets of 
gold, copper, brass, mioa, or talo, with glass, is inooirect, as is 
distinctly proved by mioroscopio examination,* 

J. Q. Gahn was the first who made the observation that the 
metallic spangles in avanturine-glaas are erjfstalt, which must 
have been developed during the cooling of the melted maas. 
When Haasmann was at Fahlun in 1807, Gahn shewed him 
these orystab under the mioroscope, and they then appeared 
to be regular six-sided and threo^nded tables. The view of 
a piece of avantorine under the microscope, when only a mo- 
derate magnifying power is employed, is really surprisingly 
beautiful ; and we pereeive that each little spangle ia a r^ularly 
formed brilliant crystal. The crystals are evidently segments 
of regular octahedrons, but so thin that we never can observe 
an entire octahedron. They are quite opaque ; and the glass, 
in which they are embedded, is transparent when in thia plates, 
and has a ydlowish colour, friuchiu certain directions exhibits 
a tendency to bluish-green. 

The formation of crystallised bodies, in m&esee which have 
been produced at a high temperature, is idways deserving of 
attention, especially with reference to the formation of tha 
crystallised compounds of the mineral kingdom ; and hence it 
waa of some interest to ascertain what the crystals in avan- 
tuiine really are. The author of this paper, hoping that 
analysis would afford information on this matter, caused several 
specimens of avanturine-glass to be examined chemically by 
Mr Schnedermann. Ae the substance is not soluble in acids, 
the decomposition was effected by heat i partly along with car- 
bonate of baryta, and in the other cases recourse was had to 
the usual method of analyzing the silicates. It resulted that 

* We miigt not confoand with avaaturine-glBH tha varietj at qiurti which, on 
aceonnt of lb> dmllar gUtteriag propartj, hai tlao betn tenned ATsntnrine. 
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pieces of aTantmine, which were disdmilar in their eztem^ 
aspect, though they varied a little ia the proportioiui of theix 
coDStitaenti parts, still uoatained the aame ingredieats. The 
mean of several analyses afforded the following oompoation in 
the 100 parts:— 

Silicic odd with tncea of lin, 

Pboaphorio «dd, 

Oxidd of copper. 

Oxide <tf iron, 

MagneBJa, . 

Soda, 

Potash, 

AlimuDa and lulpliurio mM, tatteei. 

99.0 
From this oompositJon, we can only conclnde that the arti-> 
licial ayantorine of Venice is an ordinary glass which owes it^ 
oolour and shining appearance to (jopper, and copper pro- 
bably in the form of protoxide. However, the perfect opacity 
of the extremely thin crystalline leafiets was against the last 
idea. The microscopic examination of the fine powder of me- 
tallic copper, which was obtained by reduction with phosphoric 
or sulphuric acid from the solution of a salt of copper, afforded 
decided evidence on the point. Such copper-powder, examined 
under a magnifying power of 50 or 80 times, presents precisely 
the same appearance as the spangles in the avanturine ; it 
consists entirely of brilliant octahedral crystals which exhibit 
sometimes three-aided and sometimes six-sided faces. Hence 
it cannot be doubted, that the crystals in avanturine-glaas 
consist of metallic copper, which has been separated from the 
melted glass containing oxide of copper, by means of the ad- 
dition of some reducing substance. There are two other cir- 
cumstances in favour of this view : firsts that this ghiss is so 
easily fusible that it becomes liquid much under the fusing point 
of copper ; and, secondly, that Hausmann possesses a copper 
slag from Bibw in Hesse, which includes octahedral spangles, 
precisely similar to those of avanturine.* 



* CKttUnK. 0«l«bit. AnwiK., No. ITfi and ISO; and 
1H3, No. 9, p. 386. 
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On the Forms assumed hy Granite and Gneiss at the turfaee Oj 
the Earth. By Baron Leopold VoN Buch, 

In almost etery loc&lity where granite occur?. It is quite 
apparent that the projecting mass forms part of an ^p- 
soid with a convex Eorfaoe. . This is beautifully seen in the 
Broeken, when we ascend from Elbingerode by Schierke. 
These ellipsoids are of greater or smaller extent, sometimes 
many (German miles in size, as in the Biesengebirge, in 
the Bohemian and Moravian nioimtiuns, in the Odenwald, in 
the Block Forest, and in Cornwall ; or only the size of hills, 
bat then they are grouped together in larger nambers, as in 
the southern part of Hindostan, or in Sweden and Finland. 
If the granite is covered by gneiss, then the latter follows the 
form prescribed for it by the granite. In the interior, these 
convex masses are formed of layers, which lie concentrically 
over one another, always becoming smaller and smaller, till 
they form a kind of cylinder of but small breadth. The po- 
rtion of the superimposed mountain rocks, and the change 
produced at their boundaries by the granite, lead to the very 
probable conjecture that the granite itself has been raised 
from the interior like a kuid of bladder, and that the rocks 
covering it have been either pushed aside, or completely con- 
verted into new rocks. The division into layers was a conse- 
quence of the coohng of the granite which was raised at a 
high temperature ; for, the experiments of Gregory Watt, and 
Crustav BischofTof Bonn, have directly proved such a laminated 
separation of cooling masses. The sur&ce of this convex mass 
of granite is often covered with an inconceivable number of 
blocks that are not far distant from their parent rocks, which, 
however, often rise to great heights. So it is on the Broeken, 
on the Achtermanshohe, on the Hiesengebirge, at many loca- 
lities in the Black Forest, and almost at every place where the 
granite is of some extent. These desolate blockrcorered sur- 
faces have given rise to the legend of *' Devil's Mills" {Teufels 
MMm) ; they are ^so sometimes termed " Rocky seas'' (^FeU 
sen Meere), and, in Greece, " Devil's floors" (Ulrich's Beise, 
vol. i.. p. 121). They also are resets of the eontraction, (md 
consequent separation of the cooling suiioces ; and hence ttis 
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conceivable how granite should be more covered with such 
blocks than other mountain-rocks. The layers are often smooth 
on their surfaces, just as if they had been polished. An ob- 
servation which con be made in the middle of the town of 
Stockholm proves that these are produced by rubbing on one 
another, that they are true friction surfaces. Proceeding from 
Siidermalm's sluice, " Stora G-l&sbrukBgata," to the Cath&rine 
Church, we find convex strata of gneiss, which are transversed: 
by many small granite veins. These veins, however, regularly 
exhibit a shift as they pass from one layer to another, so that 
it is evident how one layer has advanced over the one imme- 
diately under it, and undoubtedly not without smoothing and 
polishing itself on the rubbing snrfaoe. The under layers, also,'- 
which are covered by others, are just as smooth and aa polidied 
as the outer one at the surface ; and, hence, every external 
eauK of the smoothing, such as the movement of masses of ice 
or of blooks over the aurfaoe, is completely excluded, and must 
be rejected. 

The whole of Finland, and the greater part of Sweden, are 
covered by such small granite and gneiss systems, composed of 
polished Uiyers, and the mode of distribution is very distiiuitly 
and beautifully seen in the ideal section which accompanies 
EugeUiardt's Sketches of Finland. This display terminates at 
the south coast of Finland, and we find on the other side of 
the gulph, in Esthland and lieBand, indications of extraordi- 
nary tranquillity in the mountain rocks — atranqniUity and an 
oniformity which prevail over the greater part of European 
Bussia, and cannot be equalled in the whole of the rest of Eu- 
rope, The Silurian strata in Esthonia not only lie very regu- 
larly and quite horizontally on one another, but they are l^e- 
wise so little altered, that the oi^;aiuo remains which they con- 
tun are almost every where easily recognised, and can with 
facility be removed from the matrix. The newer rocks follow 
in large curved masses as far as the Ural and the granite ellip- 
aoid of the Ukraine. 

That the gneiss which covers the ellipsoids of granite in 
Sweden and Finland, like all gneiss generally, owes lia origin 
to metamorphiam, which has formed it from previously existing 
alates at the time of the elevation of the granite (by the pra&> 
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trationtrf felspar between the Blatea, and the oonreruoo of the 
slaty mass ioto mica), U a view which haa been adopted by the 
moat eminent geologiata for many years, and which haa lattsly 
been not a little confirmed by many aoate obserrationa and 
reasonioga of Messra Dnfrenoy and Elie de Beaumont in the 
iUnatrationa of the geognostioal map of France. According to 
thia view, all the gndaa of Sweden and Finland involves the 
suppoaitjoa of the prerioiui existence of Silmrian strata over the 
whole Dorth of Earope ; for, where unaltered strata present 
themselvea in that region, they belong to the oldest strata of 
the transition seriea. The action of this immense metamor- 
phiam terminatea with the Gulf of Finland, and it does not 
appear again in Russia. 

Every map of these northern oountries shews quite distinct- 
ly that the Gulf of Finland is a oontinnation, having the same 
direction, and placed in the aame latitude, of the strait which 
■eparatea Norway itom Jutland ; and, exactly in the same 
direction and latitude likewiae, Sweden is traversed by a hol- 
low in which a great aeriee of labes succeed one another, by 
meana of which it becomes possible to convey ships of war 
throogh the solid land from the North Sea to Stockholm, 
without having recourse to the Baltic. It ia only in thia hollow 
that the unaltered tranaition strata present themselves, up the 
Motalelv and in the West Gothland plains, and the strata 
contain the same oi^anic remains which occur near Peter»< 
burg and Beval, and hence evidently belong to the Siluriail 
series. 

It is not impossible that the remarkable monntaina of West 
Gothland, viz. Biltingen with its prolongations, the Kinne- 
kuiie, and the Hallberg and Hunneberg, near Wvnertborg, may 
one day give ns the key to the cause of these inlets being the 
bonndaries of the action of the granite and of the metamor- 
phism of the elates into gneiss. The hills of which I have 
spoken rise like castles above the plains, and are the only ones 
whose steep acclivitiet are composed of unaltered foasiliferoufl 
strata of the transition aeries. At a little disttmce from their 
bases, such strata ore no longer met with in the 6at ooimtiy. 
Each hill ia ^so covered by a maas, t^/sa of conaiderabte <^< 
menaioii^ of a rock which is probably augitio^ and is bla<^ 
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and granular, like the basalts of Staffa and tlie other Hebrides. 
Now, as observations made in Germany and Scotland have 
folly proved that such augitio rocks proceed from the interior 
in irregular masses and veins, and have spread themselves 
over the surface of the strata that have been broken through, 
it cannot be doubted, that each one of the West Gothland 
hills also contains a basaltic cylinder, irregular mass, or vein, 
which tmites the upper bed with a basaltic or auntie mass 
that extends Jiir beneath the granite. The hill of Billingea 
ia quite similar to the Meisner in Hesse, in which numerous 
shafts, leading from the outer circumference to the interior, 
have brought to light the internal basaltic nucleus. The gneiss 
every where surrounds these hills like a projecting rampart, 
but is never in immediate contact with them, and it is, in fact, 
very much to be doubted, if in the whole of Skaraborgsltln 
there is a single point where gneiss or granite forms the un- 
derlying mass of the hills composed of npnused transition 
strata. 

It is, therefore, the basaltic mass concealed in the interior 
which has protected the silurian strata that were penetrated 
and raised by it, and whiob has withdrawn them from the 
metamorphic action of the granite, and the other matters that 
accompanied it at its protrusion. A little further (at the 
Hnnaeberg, near Floh-Kyrcka, about a German mile distant), 
the basaltic rock terminates, and the granite again presents 
itself at the surface, at least it does so in Smoland as far as 
Schonen, but not in Esthland and Liefiand. 

It is with some surprise that we again meet with the con- 
vex and smooth layers of granite in Switzerland. One would 
not have anticipated this occurrence in a chain where there is 
so much disturbance, and in which the mountains rise into 
such bold peaks and ridges. They are, -however, no longer 
observable on the summits, but in the valleys they are exhi- 
bited of hu^e dimensions and of wonderful extent. There is 
a fine example in the well known Hbllenplatte, above Handeck, 
on the Grimsel, which is represented in Agassiz' work as an 
illusttatioQ of glacier action. Saussure, on the other hand 
(iii. p. 459), saw there strata, one above the other, " convexei, 
posies en retraite leg uncs sur leg dutres, eomme tfirnmenses ^ra- 
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3in»f^ and this view seems to hold good with regard to the whole 
of the pass of the Grimsel. Near the wooden bridge which,above 
Handeck, leads from the left to the right bank of the Aar, we 
BC6 quite at hand smooth strata which become concealed under 
those that are superimposed, and which run under the latter 
with the same smooth surfaces. Beautiful convex masses, 
forming layers the one above the other, again appear on the 
Sidelhom acclivity of the valley of the Grimsel, and on the 
pass itself. Sauesure would scarcely have recognised a polish 
produced by glaciers in the "Backers moulonnh,^'' which are 
formed by these layers ; in fact, the appearance seems to indi- 
cate and to prove a much more comprehensive and more widely 
extending cause than the action of glaciers could have been.*j 

The Cells in the Ovum compared toith Corpm>cle» of the Mood. — 
On the difereace in Site of the Btood-corputclet in dif- 
ferent Animals. By Mabtiu Barry, MD.. F.Jt.S.S.L. 
and Kj 
1. In several communications presented to the Royal So- 
ciety, and printed in the Philosophical Transactions, it has been 
my endeavour to shew that the remarkable process effecting 
the division and subdivision of what is usually termed the 
" yelk" in the mammiferous ovum, is to be recognised in other 
cells ; and nowheire more distinctly than in certain states of 
the corpuscles of the blood. In proof of this, I gave the de- 
lineations, figs. 1 to 5, along with many others. Figs. 1, 2, 3, 
represent blood-corpuscles (cells) of 
_^^ the Sparrow. 1. The nucleus single : 

j(oA 2. The nucleus dividing into twoparts: 

\^ ^S?l ^* ^^ division is complete. Figs. 4, 

\^ 5, are blood-corpuscles (cells) of the 
fo3tal Ox, three-quarters of an inch in 
length: 4. The nucleus consists of two 
,^^. discs : 5. The discs have separated 
^/^^\ and much increased in size, and they 

^—^ are passing into the state of cells. 

• Monthlj Reports of tha Academj of Sciences of Berlin, and PoggeiKlorff '■ 
Aaaalen, 1843, Mo. 9, p. 388. 
t London, Edinboi^h, and Dublin PbU. Mag. 1st June 1843. (""'(-,,-,0[., 
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2. Such haTing been my views, it was very saUsfacttn^ to 
meet with the following confirmatioQ of them. In a lecture 

delivered a few weeks since at the College 
of Surgeons, Professor Owen exhibited the 
sketches 6 to 10, in a thesis by Dr Bagge,* 
representing successive stages in the de- 
velopment of the ovnm of an intestinal 
worm ; and stated the results of Dr Ed- 
ge's observations. I find the following re- 
marks on this subject in the published lec- 
ture of Professor Owen : — " There is a close 
and interesting analogy between the above 
pluenomena [observed by Dr Bagge, fig. 6 
to 10] which were published in 1841, and 
some of those communicated by Dr M. Barry to the Royal 
Society, in January 1841, and published in the Philosophical 
Transactions of the same year. The clear central nucleus of 
the blood- corpuscle is there she^¥n to form two dbc8,t which 
give origin to two cells. We may, likewise, discern in the 
pellucid nucleus of the yolk, dividing and giving origin to two 
yolk-cells, according to the Q«rman author, the hyaline nu- 
cleus of Dr M. Barry-"+ 

3. Professor Rudolph Wagner observed that the size of the 
blood-corpuscles in the naked Amphibia is "so much the 
larger, the longer the gills continue in the larval state." Thus, 
the blood-corpuscles are larger in the Newt than in the Frog. 
He hence conjectured that the Proteus and Siren, because 
they permanently have both gills and lungs, — ^being therefore 
permanently larva?, — would be found to have the largest blood- 
corpuscles. In the Proteus, he had the opportunity of seeing 
the idea realized. §— This connexion between the size of the 
blood-corpuscles and a larval condition of the animal, I believe 
has not been explained. 

■ De evoluUone Strongyli aurieularii et Amaridii aevminatx viviparOriim. 
Erlangn, 1841. 

t Seo PhU. Tra»g. 1841, pL 18, fig. 31, [and pi. 17, fig- 34.J 

X llunterian Lectai«B, by ProftSMT Owen, F.B.B., from Notes taken bj W. 
W. Cooper, H.R.C.S., 1843, No. 3, p. 78. 

5 See Proceedings of the Zoological Bocietf, Nov. U, 1837. 
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4. On first seeing the large cells in the manuniferons ovmn,* 
I was struck with the resemblance they bore to the corpus- 
cles or cells of the blood in, for instance) the Batrachia ; which 
was also remarked by Dr R(^t on seeing my delineations of 
the former ; and I have since (5 1, 2) shewn them to be per- 
petuated by the same means. Finding also in the blood of the 
mammiferous embryo corpuscles or cells (figs. 4, 5) like the 
ordinary blood-corpuscles or cells of the adult Batrachia, &c., 
I conceiTed that the difference between the condition of the 
blood corpuscles in the embryo and in the adult of the same 
animal, was referable to a difference in the degree of their 
development as cells-f 

5. Now, there are facts, I think, which leave little doubt 
that the blood-corpuscles — not only in the embryo, but at all 
periods of life — are descended from the two cells constituting 
the foundation of the new being in the ovum ; cells ariaog 
out of previously existing cells, by self-division of the nuclei. 

6. When tracing the early stages in the formation of the 
embryo, I shewed that, as the cells thus increase in number, 
they diminish in their size. Have we any proof that this 
diminution in size ceases in later stages ? Is it not rather to 
be presumed that it continues \ and. Indeed, does not the dif- 
ference in size between the corpuscles of adult and fcetal 
blood render it probable that this progressive diminution in 

' size goes on \ If so, the younger the larva is, the larger may 
' be its blood-cells. And as a larval state in the Batrachia. &c., 
is indicated by a retention of the gills, is it surprising that we 
find their blood-corpuscles lai^e in proportion to the length of 
time during which they retain the gills ? 

7. I cannot doubt that a law of the kind now mentioned — 
progressive diminution in the size of cells — is getter^ m its 
operation ; and if so, it may regulate the magnitude of the cor- 
puscles in other blood. 

• lUnarcha Id Embryology, Second Series. Phil. Trans. 1839, pi. 16,fig.' 
t On the CorpOEClee of the Blood, l^^^t II rbil. Tnja. 1811, y. 200. 
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On Ike ComparcUiu Level of Lake$ and Seas, as the Caspian, 
Lake Aral, Black Sea, Jted Sea, Mediterraaeait, Lake Ti- 
beriat. Dead 80a, AtlimHe, Pacific, Sfa. St Babok 
Alexanves ton Huhboldt. 

The Caspiui Sea haa presen'ted two problema whioli have long been 
subjects of discuaaion, — the problem of Ita iiolation, and that of the 
relative height of its mean level ; and there haa been a similar flnotuation 
on both those points. loMnnuoIi »e, by the aMiduon* kboum of MesRa G. 
Fuis, Sabler, and Satrltaoh, the hd^t of the irat«re of the Oasiuaii was 
perfectly ascertained in the jear 1837) we might pass in silence Uio 
attempts which were made by meooa of baiometrioal mewurementa. I 
wish, however, to record here some of the tendta which, for 60 or 70 
years, most engaged public attention. 

Chappy found flfom the boromefcrioal obserratioiiB mode by Dr IJeere 
at Astrakhan, from the yean 1732 to 1749, that the Oaspian was depreued 
fil toisM. This result he designated u " evidentty abinrd." 

IfUKhod^oui, In comparing the mean barometrio heights of Eamychioef 
a small town in the government of Saratov (means dedno^d &om ob- 
servations from October 1770 to August 1774), with the corresponding 
barometrio mgans of 8t Fetersbn^, concluded fromthia comparison, that 
Kamychine (lat 50* 6'), upon the banks of the Volg», ia m Fiencli 
feet, (23.fi toises), below the level of the sur&oe at Bt PetersbuTgh-t 
There is ft difibrenoe of 4° of latitude between Kamychine and the 
mouth of the Volga ; and there ia 10° between Kamychine and St 
Petersbnrgh. It ia very likely that a remark respecting the depression 
of the basin of the Caspian, which is to be found in the celebrated work 
of the Abbd Raynal upon the colonies, is grounded upon his cognizance 
of the barometrio catcnlations of Inochodflow. This enupent Bosuan 
phlloBopber mentions that, previous to hia time. Chretien May«r, in a 
memoir regarding the transit of Venua (p. 316), had valued t^ negative 
height of the CMplon at 101 feet (17 tolaea), grounding his calculation 
upon the barometrical ohaervationB of the traveller Lerche. It ia almost 
superfluoua to point out, that thia coinndenoe, with the Srat provisional 
result derived f^om the grand teigonometrio levelling of 1837, ia a1to~ 
gether accidentaL In &ct, it i> in hypsometty m io the dsterminatjon 
of different astronomical poaitions. When a point has for a long time 
oscillated in our ehaHa from north to aoutb, we always find some one or 
other anaient chart which iadicatea the true latitude, in agreement with 
the result of the latest and moat difficult operations, Pallost preferred 

* Voy. en Bib&ie, T. ii. pp. 4ST-491. 

t Not. Aeta Aiad. Fetrop. T' zil. F 006, tSOl, 

X Rrfse, T. lU. p. 3)e. 
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■ TidofttiMi wUdidifi^nd bat little from that of H»7er. Heuugna 10 
fouesforthedWemicaaftbekTelirftlie waten of ttte Vdga and tke 
Don, at tbe place where tbe iiTen moat (ftimiiinitite. When to thu we 
add die 8 toiae* which H. Ooebal fotmd Zaritdn higher tiian the lerel of 
the Cacpiui, by a verf aeeonte bMrmnetrical lerelling, we hare tor this 
level — 18 toiMS. Nerertiielen, we mnst ranember that, acccnding to a 
geomeliio lerelling recentl; made by tbe officen of the Imperial Corp« of 
Boada and Highways, tbe differMieea of the level of the Don and Volga, 
between Katcbalinik and Zaritzin, u twice as moch as that stated above, 
or 212 toiaes. MU. Parrot and Bebagel have found it baiometrically 
to he 37 toiaea. From my own obwmalion (on the 2l8t October 1829), I 
found a dtflarence Btnoewhat lew between the Volga and Tchivskaya upon 
the Don.* 

Tbe barMuetriod means which the jleia^cait POn^, 1782, p. SI, sup- 
ply for AstraUian, Irkontd:. Hokow, and St Patosbaig, make tlie 
Caipiaa ^4fi t^ns. 

The astronomer Wuiiiei»H, bom hatometrio chaervationi of 3 years' 
oontinDaiice, fixed the level at — 2S7 feet, or 42.8 tmwf . It is not, bow- 
ever, probable, that it was to this coocliuion that Thomas Young ieEera,t 
- where be affirms that the depreauonof tbe Gaspiau a^^iean to he nearly 
300 English feet (—47 toiMs). 

Tbe barometric levelling by ctatkms, executed in the year 1811, by 
JTJr. Parrel and EngOinardt, between the Oaspiaa and the glaok Sea, gave 
in gmng and returning, in 27 daya,— dl.2 toiaee; in 30 days, — 47.1 
toisee ; mean, 50.6 toisea. 

Monuiik beHeved that he aacertained by the detarminatiim f£ the boil- 
ibg point of water, that tbe level was — 61 twes; KoALoktm, frombaro- 
metricsl oheervationa frtou 180S to 1611, made at Aatrajchan, that it vas 
— 39t(Hses4 

jrjf. Bof»im» and Hdmertm coodneted wUh much care, in 1825, a 
barometric levelling by stations from Orenbouig to Oourief, ritoated at 
the embouebure of the Jalk (Omal) into the Caspian Sea. They found by 
this levelling, and from corresponding barometric oheervationa at the ex- 
treme points, tiiat Orenboarg was elevated £2 toiaea above tbe level of 
the Caspian Sea. Now, H. Qalle asmgna from the whole barometric ob- 
servations of MM. HoEmann and Karelin at Orenboiirg, that this for- 
tress ia 39 toiaea above the ocean. From this it may be deduced, that 
the Caspian has a depreasion of — 13 ttnaes, a result which ia remarkably 
accniate, but which was for long misanderatood, because it was supposed 
that Orenboui^ stood but little above the level of the oce«i. The baro- 
metric observationa which were made together by HM. Hofinann, Eel- 
mereen, Hose, and myielf, from tbe 12th to the 21st of October 1629 on the 

* Parrot, B^saznaa Ararat, ISM, p. 13, 192. 

t Coane of Uetoia, 1807, fid.i. p.ft71 i voL iL p. 367. 

% FDtnier Hithen im Enop. et AaiaL Itasaland, 1836, p. S3. 
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-■hoMB irf die CospisD, were 'ootnpved'with corrcsponding obserTatiOiw 
at Kwan^ and they hsre 'made lu sceptical' qtbt lince reBpeoting ^y 
very great depTesBion at Hie Caapian.. 

M< Parrot, whose prematnre ksa ecience has to r^ret; daiing his me- 
morable journey to Ararat, conceived donbta concernuig the accuracy of 

' two barometric levelliDga by stations wluch he bad executed with extreme 

oare, though labouring nnder fever, in the year 1811. In 1830, he hod 
the energy to repeat thia punful labour between AstrakbaQ and New 
Tcherkask, which occupied tirni fbr twelve days. From these ohterva- 
tions, he conoluded, that there exists only a slight diflerence in the level 
of the Bur&ces of the water of the Black Sea and the Caspian.* It would 

' not be easy sufficiently to commend the stem and noble candour which 
M. Parrot has displayed in discussbg his own barometrical observations. 
The aonrce of error ought to be sought fbr alone in the barometric me- 
tiiod of levelling by stations, to which the mode of observations made at 
tiie extremities of a geodtesical line is greatly preferable. In the partial 
levelling by stations, the errors accumulate by the inSuenca of the frequent 
change of local temperatora, and by the compiiriBon of two instminents, 
the one of which, and tiie same one, always preceding the otiier. Another 
barometric levelling by stations was likewise executed in the years 1888 
and 1839, simultaneously with the geodsesical levellingby M. Fuss. By 
various accidental causes it ag^ yielded a result of— 17 toises, a depres- 
■ion almost identical with that given by the first operation by stations, 
in 1811, by M. Parrot. 

The results d^ved from the barometric observations taken on the 
shores of the Caspian and Black Beas have been very different. M. Sa- 
vitsch, firom observations made at Tagann^ and at Astrakhan! has made 
the depression — ' 22.2 toises ; M. Qtibelt from observations at Astrakhan 
and Sympheropol, has made it .15.9 toises ; and H. Leni, by comparing 
3610 barometrio observations made in 1S30 at Bakou by M. Meyer, and 
at T^anrog by M. Meyer, 16.8 toises.} 

If, thanks to the admirable labours of MM. Fuss, Sabler, and Sawitsch, 
we now know with mathematical preciHon the real depression of the level 
of the Caspian Sea, amounting to 12.7 toises, the accounts of the height 
between the Caspian and the Lake Aral are not equally certain. Theee 
accounts have been taXen only by means of barometrie levelling by staliont 

■ conducted during the militcBy expedition of rOust-0urt,§ during the 

• 8«e Sate nach den Ararat, T. ii. p. 12-31 ; llkewiso Letter of M. de 
Humboldt, of date 28th May 1834, eUting doubts of a depression of 200 or 300 
ftet attributed lo the basin of the Caspian Sea. T. ii., p. ISI-ISS. 

I M.GUbel has compared the barometric obstrvatlonB of M. Ofib at Ailmkbui, 
those of M. Steven at Sjmpbarc^l, and his own at tiie Bea of A>ov. Oilbcl, 
Reise, T. ii. p. 183. 

i Becueil des Actes de I'Acad. de St Pet«rsbm^, 1836, p. SO. 

% See T. i. p. 421. The direct result obtidncd by MM. Sagoskin, Anjoa, and 
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winter of 1836. Aflei the taK>abl«wBi« and nnutiifiictorr espo^mMtt 
of comparing tbe g«odnci<Nd lerelling wiUi fhe boiomMncal of the jear 
1837, it is-ImpoBBible to have much eonfldenoe in flie barometiie metbod 
emploTOd.* Ab the Lake AnI bu been fonnd to be onlf M feet (5.6 
toisBB) abore tbe level of the Black Bes, and that in the two barometiic 
levelliDgs bj itstions in 1811 and 183?, the error exceeded 334 feet 
(97-3 toisea), it maj well be tbat tbe lake Aral may be at the level of 
Ae waters of tbe Ca«[daii, and that all the ArEdo-C^pian ba«m has a 
deprenien of 7€^et ( — 13.7 toieee). But wilboat adopting this condn- 
rion, grounded upon the analc^y of tbe botometriol opentions of 1811, 
1826, and 1837, and excluding also tbe whole Bbores of Lake Aral, we 
■till 6nd, as the result of our aetual knowledge, an extent of eontfntnUtl 
land of more than 8000 square marine leagues depressed below the snt- 
&ce of the Black Bea. The geoduiloal line of tera height, that is to say, 
that which unites the points of the surfoce placed on the level of the 
Black Sea, travewes the Volga between Zaritzin and Saratov. Now, 
from the extremity of tbe delta of tbe Volga to Zaritzin, there are 3° *0' 
of latitude — a distance eqnal to that from Paris to Grenoble, or equal to 
fbuT-fiftbs of the extent of Bpiun. To the cast of Zaritzin, the shores of 
Lake EltontacdEalmykova, upon the river Jalk, are from 5 to 13 toises 
below the level of the Black Bea. It is also believed that tbe country 
which encloses, to the west of Kalmykova, the salt-lakes of Kamyct- 
Samara, have a depression of — 23 toises, consequently bmng ten toises 
beneath the level of tbe Caspian Sea.{ M, de Struve Temarks, " that 
tbe line of tbe zero level surrounds a submarine space (placed beneath 
the suT&cc of tbe Black Sea) greater even than the sur&ce of the Cat- 
plan ; and that in the geodceucal levelling of 1836 and 1837, the limits 
of this vael Atiatic deprtuion towards tbe west, was at a distance of 13 
marine leagues from Bbore.§ We have seen that to the northfl and 
north- east, the depression extends above 70 leagues. Llnuting oniselvei, 
theo, to on estimate of 8000 square marine leagues less tban tbat of 
U. de Struve, we obt^n for tbe area of the total depresuon,— includ- 
ing that which is actually covered witb tbe waters of the Caspian Bea, 

Duhamel, wu, that the level of the waters of Lak« Aral wss 117.6 English feet 
(183 toises) above the level of tbe wslers of the Casidui. 

• SMsnlntereatlsK Hemolr of H. Lsni ; Ce»Mttatlim* lfalitmattg%ut tar kt 
oimBtmeatt par Smthtu an moj/en du bartmt^t, (Bull, de Bt Peterabargi T. i. 
p. 51 and 69. 

1 1 have fotmd the south-west eitrfflnlty of this lake generally very eironeonsly 
placed in our maps Id lat 19° T' 17*, and long. 41* W 36*. 

} OiJbel, Seite, T. 11. p. SOa 

S BuU. de l-Acad. de St Petenb.. T. 111. p. 366. 

II It reaolta from the barometric obMrvations of If. Oiibel, considering the »co 
at the level of the Black Sea, and admitting — 12.7 toiies for the Caspian S«a ; 
tbat tbe Volga, near to6anl«v, is at an elevation of + 6 toises ; Zaritiinis— S 
toises; the Steppe Ehotchetaevka —12 t; the Lake Bogdo —3 t.; tho Laka 
Aisangar .|- 1st,; and tbe Mount Orand-Bogdo-f 87 1 Aeoordhig to IfM. Parrot 

i. L.ooolc 
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and tlwKyt exolading L>ke j^jal,— mors tluui 13.000 (qnare turiBe 
league* ; in othu wordi, a snr&oe of 900 iqaare lei^^uea larger tliaa tlwt 
of Fnaoo. It it eamuti; to be wished that tbe ImperUl Academr of 
St PetoTHbnrg will aontJnne the boautifol geodffiiioal ■orre; oommenoed 
under it» auspioei, and that that iilnstrioni Hciety will not onlj oacertaia 
the true difference of the hei^ta of llie Aral and Uio Cupi&n, but that, 
so &T as theie re^onB are acceuible to mioh p«acrful oocupationa, they 
nill abo aueoeed in procuring the '«n> geodatkal line between he Vdga 
and the lalk, between tbe lalk, tbe Emba, and the ngrth-eMt extres^ty 
of tbe Aral Sea, and Gnally, between this Ma and tbe Aksakal-Barbi.* 

M. AragowfaOjinfaiB writings, always ascends with sncceu -to flnt prin- 
ciples concerning the phyBical constitution of the glohi, bas^ inbia memoir 
upon cometSipointed out a curious work of Halle;y,t in which the English 
aatronomer, as early as December 1694j mentioned tbe gnat depretium of 
tbe Caspian, which he attributes to the Bhooh of a ball of immense dinien- 
fliona; in other words, of a comet. "The vast depression," obserreB M. 
Arago, "of a whole eountrj, in formertimes appealed of an explanation too 
difficult for the action of any ordinary forces ; and in despur of such 
causes, recourse was bad, as in many other eircDmstance*, to an action pro- 
ceeding from tbe celestial spaces, In the present state of onr geological 
knowledge, this idea of Holley will not receire much fiiTour. Scarcelyany 
one now doubts that tbe isolated pet^e, and the longest and most eleva- 
ted ranges of mounttuns, bare proceeded from the interior of tiie globe 
by the way of upbearing. Bot does not this very upheaving imply the 
production of a void beneath tbe surrounding districts, and the powibi- 
lity of this subsequent sabaidence ? Wben we cast our eyes upon a 
geographical chart, we easily perceive that no part of the world exhibits 
so many upraised masses as Asia, Araatid the Caspian Sea, at greater 
or leas distances, we find tbe high lands of Iran and of Central Asia, the 
monntMn chains of Eouen-lon, and of Hindoo-Kbo, tbe mount^ns of 

and Bebiighel, tbe Tolgn near Zaritzln is S7 toiies lower thsn the Don 72 verats 
above the PatUabanak. I asslgli these valnitlanB, remembering how nncertaiii a 
barometric levelling is la the plains and for the meaaorement of small hel^bte, 
when tbe diflbrences in the hdght of Uie oolomns of mercorj' do not atl^n to 
2 millimatrei, and are gronnded apon a smaJl nniober of observaUoDi. 

* I attach great importance to the determination of the height of tha land !n 
the Steppe, which the ancient iiollow, mnaing 8.B.E. and NJi.E., and of which I 
have onen Bpoken, followg. I And in my correapondence with M. St Martin, that 
this lovont had heard of " a tradition of tho Avarea, according to which this people 
allege that the; liad qaitted thur original place of abode (at tiiefbot of Altd?) 
on account of the andden drying np of an interior sea, and of an increased dryDess 
of the Steppe." I am qnlte ignorant of the aonrca whence M. 8t Martin pro- 
cnreil-thiB notice, which we might be templed t« associate with the Chinese story 
of the disappearance of the " Sea of bitter waters." 

t Some Kintidtrationt abottt tke cause of ihe Univirial Deluge, Phil. Tnus, vol. 
xxiiii. p. 122. " A iliock of a comet may liave occasioned that t><ut d^prtt$ion of 
the Caspiui Sea and other great lakes in the world." 
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■ Armenia, and those of the Caucasus. Hence, wlthoat havitig recourse 
to a comet, is it not natural to suppose that the uprMsing of the enor- 
mous mosses d rock we have just named, was sufSoient to induce tbe 
sensible depression of the intermediate localities f This solution of a 
curious problem in physical geography which tlie shores of the Caspian 
has originated, maj so much the less give rise to serious difficulties, 
iiuiBmuch aa in these rerj regions the sur&ce, even at tlie present daj, is 
not altogether stable ; and the bottom of the Caspian Sea itself presents 
alterations of elevations and depressions. It is, however, true, that the 
bet under discussion will loae much of its interest, if we investigate it as 
. a simple meteorotogieal phtnomenon. Suppose that a Julia island should 
• happen to rise in the middle of the Straits of Gibraltar, and close up the 
entoince. Immediatolj, the rapid current which a portion of the waters 
of the ocean constantly poun into the Meditertanean would cease ; im- 
mediately the level of the Mediterranean would foil, for the total volume 
of the rivers it receives wonld not compensate, aa it appears, for the loss 
resulting from evaporation. During this gradual lowering of the level 
of the sea, parts which are now submerged would appear above the 
waves, would connect themselves with the neighbouring continents, and 
would remain, as at present, beneath the level of the ocean. This, per- 
haps, b tbe solution of the whole problem of the Caspian, and cepeclallf , 
if with some geologists we add, tliat, in this sea, large volcanic crevices, 
from time to time, permit its waters to dissipate themselves in the bowels 
. of the earth, and thus render the dllTerence more sensible which, even 
without this occurrence, already existed between the effects of the annutd 
evaporation, and the waters supplied by tiie Volga, the Oural, the Terek, 
and other rivers."* 

These judicious considemtionH acquire still greater importance when 
we consider the additional information collected since the days of the 
illustrious Pallas, t especially from the maps of Major Khatov,!; and 
from the detailed investigations of M. Parrot, upon the plains which ex- 
tend in the steppe of the Ealmucs and Turcomans, between the Black 
and Caspian Seas, in the 45° and 47° of latitude. A sUghtly elevated 
ridge detaches itself from the Caucasus, running from the Elbrouz to- 
wards Stavropol, in the direction from south to norlb. Upon the oppo- 
site slopesof this ridge there take their origin, first, the Kouban and the 
Terek,§ and then the legorlik and the Kouma, which, at the end of 

* See Kotitfi SdentiJlqiUM by M. Arago, inserted in the Annaairt du Bunau da 
Longilada, 1S32, p. 352. 

t Faliss, Voyage dam lei Provinta ta-rkCiojialet de la Buisie in 1793 and 1794, 
T- L p. 235. DnresD de La Mnlle, Geegraphie phyiiqw de Ja MerSoire, p. 176, 
194, and 264. Compare also Pansncrsjid Zeune, in tho Joumsl of M. Bgi^haoi, 
1836, No. 140, p. 1TB and 187. 

{ Maps (in 10 sheete}. published by CEtat-MaJor of the Imperial Army. reprC' 
sentinK the conatr; between the Black Sea and tbe Caspian. 

f Since the coiiiniecceiiieDtDftliel7tl) century.BTest changes liave taken place 
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er, Bometdmea lose themselves in a lake of the Steppe, without ever 
reaching the Caspian Sea. Still farther on, at the northern eitremily of 
the ridge, the bifurcated KalauB takes its rise.* This last river, whose 
coune is very variable, eommingles its waters with those of the Manetch, 
an affluent of Qia Don. It is even regarded aa the principal source of 
the western Manetch. Another branch of the KaUiia proceeds ia the 
eastern Manetch, and spreads oat near to Oouidouc, a post-station on 
the road from Astrakhan to Tiflis, into b large lake which the Ka1~ 
muoB call by the name of Kokoussoun. The conformation of the district, 
which gently undulates along the Manetch, and to the north of the Konma) 
is veryremaibible. The course of the Manetch or Manytch is 500 versts 
in lenjrth ; its &11 is so trifling that, according to the testimony of General 
Bogdanovltch, who has examined its windings, its waters during the 
summer actually follow the direction of the wind. The river at the pre- 
sent time docB not throughout the upper conrse approximate nearer than 
70 versts to the weedy shores of the Caspian Sea; and yet, without 
doubt, it was in thii part of the Ealmuo Steppe, we must sappose, that, 
previous to those times we designate historical, a communicatiou exist- 
ed between the basins of the Caspian and Black Seas. 

The work in which MM. Fuss, Sawitsch, and Babler are about to de- 
scribe tbe district 'which has been the theatre of their very carefiil geo- 
drosical labours, will shed new light on these views, several of which may 
appear to be rash. I shall here limit myself to the statement of a very 
curious fact which, according to the report of some of the natives who 
seem worthy of credit, was received by M. Parrot at Gouldouc, namely, 
that there existed, in times quite modern, a eommuoication between the 
eastern Manetch and the Caspian Sea. All these &cta, however, render 
it highly probable, that, in ancient times, previous to the time when the 
sand embankments andtlie downs, accumulated by the wiods, had changed 
the surface of the soil ; and, previous to the sea of Asov being restricted 
to its present limits, a strait or natural canal had conducted the waters of 

at the embouchuTB of the Tsrek snd ths Tumen.neor which wu eituated the fortrosa 
of Terki, which wna conrtracled under the Cmts Michel-Foodorovitch and Alexi- 
Mlch^loTitch, and destroyed by the orders of Peter the Great in tbe year 1723^ 
The lite of this fortress has rince been enCirel; coveTed by the Caspian Seaj a 
phenomenon the mort eztraordinary , that at the same epocli the waters of thia 
tea apparently sank at the cnstom-honse of Astrakhan, and towards the mouths 
of the Volga. Bee the Memoir of M. Heme), Bar un txptdiUon minlralogvpu aa 
CamoK, faiti ni 1638, ittr lei auipiea du Ciar Midul Feadorovitri. 

• Parrot,K<u<itim.4mrae,T.ll.p.l2-2G,andp.33-36. The waters of the Koubon, 
the legorlik. aod the eastern Manetch, flow to tbe Black Bea; those of the Terek 
and of the Konmn to the Coapian Sea. The Ealaila forms, by its bifnrcation, to 
the west, tbe western Manetch, which dilates into a salt lake (the lake Manetch), 
and receives the legorlik before it reaches the Don. The eastern branch of tbo 
Kalaiis, nliich merits a more special eiaminatiou, seems to form the eastern Ma- 
netch. The river Kouma does not in all seasons reach as far as the Caspian, often 
terminating in souuner in a f^h-water lidie, tlie lake of lorligor. 
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the Eusiiie to the Caapiaa Sen.* This itrait must have produced a 
marine current from veat to east, similar, on a small Bcale, to that wbicli 
iunes b^ the piUon of Hercules into the Mediterranean, and whicb 
may be traced even to the coast of Peluiiunij where it opposes the too 
rsipid iaorease of tbe Delta of Egypt.t 

Without having lecouree to the oscilk^ns which, at the epoch ttf 
great geological revolulionB, have made the recently aofidified crust of 
our planet often rise and bU in the plains, ve may suppose that, even 
still, nuuiy continental ragions, supported by solid rocka, are found at a 
level inferior to that of the ocean, but tliat, &om the large accumulatioB 
of abraded soil, superimposed upon the tertiaiy and secondaiy rocks be- 
neath, the ancient difference of level is hid from our observation. Such 
a difference, notwithstanding, nmains very visible in many ports of the 
coast of Holland, and in the north-eoit of Germany ; as it is also in 
Egypt in the Matron latet, visited by General AndreoBsy ; as also in the 
ttlUr laiei of the istlmins of Suei, when they are left dry,} or contain but 
on inconsiderable depth of water. The difference of the level of the snr- 
bee of the seas, rated at five time* at the isthmus of Suez by M. Le 
P^, and of half a toise at the isthmus of Panama, by MM. Llojrd and 
Palmare, are phenomena of an entirely different kind from that with 
which we are now engaged. They are the effect of current*, of the pre- 
ponderating direction of cerbun winds, of the height of the tides reflected 
by the windings of the coasts, of the form of the canal§ by which they 
flow or ebb, and finally, of the variations of the density of our planet. 

It is the isolated basin of the Jordan and the Dead Sea, whose hypsome- 
tric relations have so recently engaged the atiention of tiaTeUers, which 
offers the closest analogy with the isolated basin of the Caspian Sea. The 
determination of the txriling point of water, which, to be exact, requirea 
much care, and barometrical roeasnrements, which, unfortunately, did 
not accord, at first gave for the depreiuon of the level of the Dead Sea 
beneath the level of the Heditemnean results which varied between 500 
and 1100 Frenoh feet (between 83 and 183 toises). The harometei' of 
M. Schubert, and the barometer of Messrs Moore and Beck, indicated 



* The mean level of lake Maneich, the enlargement of the weBtem Manetcli, 
and conseiinentlj alao of the weatem brancb of the Kslaiis, dou not appear to be 
elevated above 8 or 4 toisee above tbe level of the Black Sea. 

f Letroune, STim-mr ritthmtde Sua, etli tonal dt^oiKiion da dtia Dxn (Bev. 
del deux mondee, Jalj 1841.) 

t Id this state, the Bitter laka are 20 feet beneath tba level of the Ueditena- 

% H. Arago, in disciuung the height to which the level of water m^ntains itself 
in a golf which commmilcatei with the ocean by a narrow canal, has pointed oat 
that it is not mathematically proved, that, by a canal of a certun form, the quan- 
tity that enters and eacapes will be the same. An accumulation of water, or a 
rise In the level of a gulf or a narrow sea, may be pmduced by this caasa alooe. 
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aJmcMt ftt the umft time, in tliQ month of Apnl 1837> the euitenoe of an 
enormotu hollow.* The two EDgtieh tmrellen e>tuiuit«d the depreMtoa 
of the Dead Sea at — 93 toi^ei. M, k Comt« de Bertou hu the merit 
of having fiist determined the unomit of the depreuion bj barometrical 
meuuiementt. M. Caillier.t after diBcuHing a pc^on of the measure- 
mentfl, concluded it amounted to — 208 toites ( — 406 metres). More 
recently, t M. de Bertou, by comlMning, in his memoir, all tlie obiwra- 
iions made in March 1838, and in Uay 1839, ettimated it at — 216 
toisea (— US metre*}. M. Schubert Calculated the lerel of the Sea of 
Tiberias at — 89 toitei ( — 6S5 feet), but he did not roeanre the Dead 
Sea. M. Euuegger, whose jouroieB in A^ca and Aaia hare enriched 
geology with many important obiervationB, has watched the indications 
of the barometer in November and December 1838, daring IS days at 
Jafia, at Jenualem, and at the Dead Sea. He thinks it poaaible, owing 
to the want of correiponding obtwationi, that the result of his meaeore- 
ments may leave a mean doubt of SOO feet at mo*t ; but, allowing fox 
this doubt, he calculates that %Atfr than the level of the Mediterranean.S 
Jenualem stands + 2470 f^t (413 toises), and Bethlehem + 2533 feet 
(123 toises) ; and btlovi the level of the Mediteiranean, the Lake Tibe- 
rias is — 625 feet ( ~ 104 toises), and tibe Dead Sea — 1341 feel 
( — 223 toises, or — 43{> metres). In proportion as, in the geodnsical la- 
bours, from the variations of successive results, the level ofthe Caspiaoluui' 
atcmded from — 60 to — 13 toiiei in relation to the Medlterransaa, ibs' 
level ofthe Dead Sea baa proportionally detctnd^. After the namerons. 
doubts which have prevailed regarding the great dqtression of this last 
level, a trigonometrical survey, executed in the autumn of 1S41 by Lieur 
tenant Symond of the British Boyal Navy, has given the remit, that 
the snr&ce ot the waters of the Dead Bea is S61 toises (489 metres) 
lower than the highest house of Ja&, and probably 219 toises (427 metres) 
lower than the snrfaoe of the Meditenaneao. This trigonometrical re- 
sult differs accidentally only 8 metres from the result of the barome- 
trical measures of MM, Bertou and Bussegger. The geological pro- 
blem of the depression of the valley of the Jordan and of the Dead Sea 
is all the more importantj'.that It is intimately connected, I will not say 
with the destruction of the fire dliea of the phun, bat with the impossi- 



• JomwxlofAe Soy. Otog. St>c,yol.yM.,f.2B0. Jameion't Edin. Fiil. Joarn. voL 
x^i.p.9S. "Professor 8chub«rt of Monicli, ttroEngliihnien M«urs Moore end 
Beck, and M. J. de Barton a Frenchman, almost slmolbuieouBl;, and quite Inde- 
pendently of one another, have nude tlie discovery that the Deed Sea and tbe en- 
tire lower valley of the Jordan, are sltnated cuuiderably below the level ofthe 
Mediterranean Sea." 

t BaUttiit eUla3iK.de Otogr. T. i. (1838} p. 81 ; and Nouv. Ann. de Voj, T. 1. 
1839, p. 8. 

t Bua.deklBot.d4 0Kgr.T.^i.lBSB.p.lW. 

S^ Bnssegger bMpabUsbed a detailed nconnt rf his labimn, in Foggendorfa 
Annsls. 1811, Nnmb. 1», p. 186. 
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bility, long'agoeataUiriiodbjM.^LeteainKa, efthe BOB-comiiDwiaatioii - 
of the J<H^ii, in liietoric tknM, wi&tlieiBlMiticgQl^af 1h« B«dS{Ht. ' 
If the d€f>ref«k)ii of titeOospiAs Sp&ai^ottl'B BUTratiB^|[(M»Hil^iB 
ioeoMUcrable, in oeapariion '«( ^ ,b»rQBietstaal.and bigo^ipqiebFicat 
meamrementa inBde in FaleetilU. «Nd Wbtch. nameiicftUj, se^W tp'be' 
very near (to inillii it,oB&e.uontHtf, gtuaiin io^ottaiK^nheB.com-' 
pared witbthe£flBrmoe»'PtQB«tt*d t>7 the diffiWQV^pu^-of tintopeaji 
wbM) AM iA 6ee comnaBiaatMHi Witt MCb other* In t^e a«quBV> ia ttie 
way of eompanBon, I shall cits tfaoB» wtlj wljiiqh are baaedqn geodwsi- 
cal leyelling, wliich ace Bltogetl)er'W'OTtliyof oonfideuce. 

The Out/ of Mexico (Mer des Antilles) and the Padfie, Ocean. 
• General Bolhar, rA my reqamt, ib the years 1826 and 1SS9, eagafed 
theserricesoraiioffiaer'crf'hb staff, MiUoydi an American, aadiof M.' 
Falmaro, a Swede, careiblly to mrTey4iie<Mtfaim» ofPauMoa. In tliip 
o^ration they employed a k'relUbg' teleaoope of Carey's. At Ihe mouth 
of the RioChagres, in theOulf of Al«x)«o, thQdi2te«i)oe(^.t^«levBtioit 
at the full and ebb tide w« only (Xl$ of » t»b« ; at Fuiaaia, on &» elwrM 
<^ tbe Padflo Ocean, it was KS MiBBs. From the murey of Mosn« 
Llo}-d aad Fi^uore, it reB^t»'tfaatthe««i)n I««i^af 1heFaaifieOoean*iB 
at the moat bntO>fi4of a toise more fileimted than the wattr of the Qutf 
of Heueo, but at the 4i»e of the tteap tide upon the two coa«ta, tbe Pa- 
dfic Ocean is lower than the Gulf of Mexko, to tite eztentoEl.Ol ttoiies. 
At different hours of the day, then, it is now the one tea, end now tiie 
other ^hat is higbert. M. Amgo bar accurately observed, thatr in an iin- 
onltiTatad oomitry, beeet with diffionltiea, in going over a line of. 33 
leagues, end taking 936 obsesvations, ^ bdwU eniot of three &et Buy 
readilyeceur; and, eonaeqnently, thai) every proof exist* that tlue:diffa!- 
enee of- level bettreen t^ (wo great mbo, which comninnicate bytl^ 
Straits of Magellan round Cape JJoin, is so small aa to be iniqipieaiable.t^ 
myself befiere that I eEtablkhed, by mean* of barometrical observationa 
taken tKm. 17^ to' 18(M, and cotreoted from the effects of hourly van- 
ationa, that if any sensible £&rea«c existed betweoi the waters, of the 
Mexican Gt^ and the Faoifio-OMon, tliis dilference was probably AOt 
more than three yards (itaetn*^ My barometrical observatiens,! w well 
as the con^arison' of those of U> £|ouBungault in 1832 at La Guayra, 
and thoaeofMi-PentlandatCsllaoof Lima), in 1826, seem to assign even 
a lower level to the waters of the Mexican, Gulf ; but the variable influence 
of ca^lbtrity tlmws a dnubt npon tlui obtained reaultB where they re&r 
to tlie decinials of Millimetrea in Q\b column of mercury. 

The Medilerr a ne im a«d tin Std iSf a.-«— Ihc problem of the relative height 

• PhUo9. Transact, 1830, p. SI 

t A'oitcu ScwncifjuM of M. Arabia the ^nnuofiv for 1831. p' 319. 
iMainb6iAt,Btli»iitnBift.TKiiL,^.9S^7. Arai!«,inlM Aiiii,d3Cliintie,T.i. 
p. SS and 04. 
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of the Red-Sea and the Mediterranean, after haTiDg occupied tiieatt^tioa 
of olasncal antiquity, haa been examined in a Tery general point of view in 
Varenius' Treatise onPliysical Geography," for which Newton exhibited 
BO deoided a predilection. Anything, however, like accurate meMore-- 
inent,waanot made preTioUB to the timeof the French Expedition toEgypt. 
Tbe observatioDB conducted by M. Le P^re, have eBtablished that the 
level of the Mediterranean, at tiieemboochuie of the Delta, isinferiorby 
4.1 toiBes to the neap tides of the Red Sea, near 8aez, and 5.1 toiaea to 
the level of full tide. It is probable that the cause of thu remarkable 
difference of level is the elevation of tbe water in tbe Arabian Gulf to the 
northof theStrfutof Bab-el'Mandeb,andnot, asM.de Corancez ' has at- 
tempted to prove by the hydraulic bypotheeis of the reciprocal Itttrac- 
tion of tbe molecules of nator, lo the depreetion of the eastern portion of 
the Mediterranean, iu which a copious evaporation is not compensated 
by the volume of water which is poured in by tbe rivers. 

The Mediterranean and Atlantic. — This comparison of levels, based upon 
trigonometrical operations, wboac precision surpasses all that has hitherto 
been published in this kind of labour, is two-fold. The former exhibits 
the almost insensible ditFerence of theUediterraneanand tbe Atlantic by 
the Pyrenees; the latter connects the Zoider-Zeo, near Amsterdam, 
with Marseilles. " Delambre bad previously endeavoured to deduce from 
the great chain of triangles which extends from Dunkirk to Barcelona, 
the levels of tbe two seas. The triangles included between Rbodez and 
the Mediterranean gave, for the vertical height of that town,- a resplt 
which agrees to a fraction of a metre with tbe height calculated from the 
ocean, which wa« deduced from that portion of the chain interposed be- 
tween Rbodez and Dnnkirk. A trigonometrical surrey, executed by 
MM. Coraboeuf, Peytier, Hossard, and Testu, during the years 182S- 
1827, and running along the southern frontier of France, supplied all 
that remained doubtful for tbe solution of the probleni. The st&tioR 
of Crabere occupies nearly the middle of the interval which separates 
the Atlantic from the Mediterranean. Ita height has been calculated 
by three distinct combinations. One has been conducted by proceed- 
bg from the Atlantic and from the Mediterranean to Crabere, pass- 
iiS by the single series of tbe summits of the triangles which bound tbe 
chain on the touth; a second by selecting exclusively the northern sum- 
mits ; and the third and last, by taking tbe diagonal directions, in other 
words, by taking alternately a northern and a southern summit. { I 
supply below the results of that combination along tiie chain of the Py- 
renees, and of that triongulation which traverses Holland, Germany, and 

• Cbap. xliL prop. S., chap. xv. pcop. 8. I will not attempt to jostl^ ths ex- 
^gerated ideas of the sutbDropDn the volsma of watar, whleh the rivers, and es- 
pecially the Volga, poor Into the Caspian, itI. prop. S. 

t Tti/ntrairt d'mttpartie peu connue de CJtie mtn«ur;> prop. S7- 
t Arogo in Um Animaire tor 1831, p. 326. Also Himtdres prfamtt* ft I'Acad, 
des Sciences. Tom. iiL p. 81. 

VOL. XXXV. NO, LXX. — OCIODEK 1843. 1^ i 



394 Ontke Cempmitiee Lm^ ^Laie$ md Stan. 
FMitw, frofi AmtevdMS to UafwiUM.* ataffnpbers and n^tunl ph^ 
loMtpiMn who do n«t rett Mti»fled wjtb tw^ »i¥roxiiiuUTe metbodh 
know not liow much the admirable lalutiu* <£ M. Delonw )w¥e advaocad 
ftt tmee liypWDWtiT'f geodmyi and barometrical mensimtioD. 

<( OwifitiHfm iy 1A4 Pi/rm«M.-F-Cdl>Md CosabMuf, atarting fram Fovt 
St Ange, upon tiie shores of tiie Uediterraneaa near Ferpignan, and 
from tfao Fort SocDo, near Bayonnfc va Hao AtUntic, reached tlie . tum- 
mit ti OalaiM liy fopr lerieB of pointdj and fouod that this point i» elo- 
vatod— 



Atlantic 
by 




/ tbs Saatiun Ba 

I the Northern 

I the DIkgDDBli 

I theDii«ona]i 
Diffbrenoe of mean results = to the different lereU of the tiro K 

"ThJR mean diioardanoe in the leTel of the two Mas, being witbin 
tbe limits of probable errors, it may be concluded that the mean leveb 
are nearly identical. 

(b) ComforutmArougkOermiuiyatuIHoikaid. — M.DelcTOsbaviogmea- 
Burcd ageodcesioolchainfromtheUeditwraneam to Darmstadt, by Straa- 
burg and OeneTa, fbniid-' 

Tbg keigtit of the gallery of the tower of Dannstadt above the Hediterra- 

nmu, ...... metres 187 J9 

Same height by OerntaB aeBMration, nbore the Korthem Ocean 

(ZiiidepZ«e),iuirAmsttt^lam, ISIM 

Whence it fi^lows that the dlBbreaee of the mean levelB of the two 

kMlk . = + 0« 

By the parallel tf Boorges tnaa tin oeeu to Noirmoqtien, mea- 

tnrad by Colonel Owaboanf, the diAreece Is, . ^ + 030 

Colonel Broussaad, by the mean parallel proceeding Oom the ocean 

to Cordouan, near S^ntes, is . ' = + OJtS 

"TheBe discordances being all comprised within the limits of the pro- 
bable errors of geodeeaical levellings, prove that do difference exists in 
the sensible level between the Burfoces of equilibrium of these two seas." 

We bave still to add, and aluQ feom a note supplied by M. Ddcras, 
someconsiderationB concerning the rise which recently is allied to bare 
taken place in the northern port of the Adriatic Gulf. " The Command- 
ant Dejcros sai Capt^n Choppin having connected the geodtesical 
operations executed in .France and Switzerland with those effected in 
Bavaria by General Bonne, have determined the altitudes of Hornliberg, 
Bigiberg, &c., above tiie level of the Mediterranean. The Swiss en^ 
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gtneen liaye thus connected tbese pohtta wltii tiiooe detoimlaed In the 
"SytaX l>7 the Aovtrian engiaeen, so faroutuiig the fallowiii|; resoltij 

starting from the Mediterranean!— • 

Altitude of KoDWiibeivabaTe the Hadlter- 1 _ Rrnni ^ lUtna, 

ruoviRtMuiamur ... J -wf-wi Difltewee - 7^ 

The AuBtrians give it, abore Uie AariBtic, = 662fl0 J 
Altitude of Fraatenzersand aboy* tha Msdl- 1 ,~,„ ™ , 

teirmnean at Mwr«iIIa». , . . } = ^Miwa I Mffejence = 8.7S 
Ttia AiutriuiB maliB it, altOTs tha Adriatic, ^ 1627.58 J 
Aliitnda of tlie Fimdeiliopf above tl)B Medi- ) oum <m i 

teiranean at Marscilies, ... J ->«««" I Difference = 9.12 

Tiu AnstriaoB give it, aboTe the Adriatic ■> S3H.6S I : — 

Hence the tacao lieight of t^ Adriatic Qulf absTe tha Ueditatn- 

nean at Margeiliea. ....... 8.S0 

TlieSwiMengineertmakeit in reference to tha ocean, . • ^^7-63 

"H. Selcroa u pMmmded tbat this diffeFencs between the lerela 
cannot exist. Admitting e filling of the Adriatic, from the feeble tides 
which occur, and from tbe connteF-cutrent that it w«II known, titete 
etPects tog;ether cannot amount to 7 or 8 metres. He haa been asBnrad 
that the Bwiee engineen, in discuwing llie partial results inserted in the 
hypsometry of Austria by Colonel Fallon, have been led to teduee this 
pretended dtfTerence of level from 8 metres to 2. He is not yet informed 
upon what grounds this reduction is made ; but he takes the libwty of 
•ipreseiDg a hope that the Austrian Qoremment will direct tiiat the 
most southern points of Switzerland ajid Bavaria shall be linked in a 
manner mbre satisfactory and accurate with the Adriatic."* 

It has appeared to me important to collect in this work all that we 
know at the present time, concerning thecfHnporafii'tf^HfraulM&trpsanisfrif 
of the waters which belong, and those which do not belong, to the same 
surface of level. Physical geography can make progress only by grasp- 
ing the result* already obtained, hj discussing tlie bues of numerical 
elMnents, and mounting up to those general views which alone give dig- 
nity and life to the SI 



Hetru. 
I. Bunimit of the toweiof Hotr8-T)anieof Manich, .^ 6U.67 



Pavement of the sane cfanreh, . . . » SIftSf 

9. Peissenberg, at tlie nuftcBipavaBeot of thechorcbi . » 980.14 

3. BenediiCtenwaiidi summit of tbe tnoDntain, . - ■= 1796il6 

1, Wendel9teiD,giuaiuitorthenioi>Dti>ia IS43.60 

ISote, £r!ptmb«rl8il.) 
t From Humboldt's Me CtntnOe, 1843, tol. 11, p.90I. 
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Tk0 genvt Ceiochilus belonging to the order Copepoda and the fa ■ 

mily Fonda of M. Edwards. By Henry D. S. Goodsih, Es*]., 

Conservator of the M useum of the Royal College of Surgeons, 

Edinburgh. Commanicated by the Anthor, with Plate. 
(Continued from p. 104.) 

CetocbiluB Bcpt«iitKonblia> the ipecies now to be deacribed, ia abont 
a line and a half, or two lines long, of a bright red or BCtttlet colour, and 
Blightl; translucent. The bodj' b divided into two great paitt, the 
capito-tboracLc, and tlie abdominal. The superior antenuie are almost 
obsolete, and are composed of two articutatioDa, the last of which is 
about four timea oa long aa the first, and U lanceolate. The inferior, or 
external ant«Dns9i are Yerj long and slender, being longer considerably 
than the bodf of tlie animal. iE^aqh of tham is composed of twentj-four 
articulations; the first of these is the largest ; the twecty-secoDd and 
twenty-third are each armed with a very long setum, which is pobted 
upwards and inwarde. 

The eyes are two in number, but very minute. The foot- jaws are ten 
in number. The first (Plate VI, Fig. 12.) eonsists of two branches arising 
from a common peduncle ; one of these consists of a single articulation 
only, which is considerably bent, flattened, and which tapers to a point ; 
it is armed with long simple setce on ita superior edge ; the other part of 
this foot-jaw is biarticulate,tbe first joint being the longest; it ia armed 
with a long single spine at ita extremity ; the second articulation is about 
half as long as the first, and its extremity is armed with a number of very 
long setter 

Tlie second pajr of foot-jaws are connected with the mandibles, and 
are also composed of two parts arising from one common peduncle, and 
composed of the same number of articulations as the last, but smaller. 

The third pair of foot-jaws are very curioua, and if they were free of 
V the setfB would present very much tbe appearance of a human hand witli 
the index and little fingers concealed. 

The fourth p^r of foot-jaws are composed of one flattened scale-Uke 
jointj with a great number of long aeto arising from its inner edge. 

The fiftbpair of foot-jaws are composed of fourjoints, the last of which 
is Tery long, an^ armed on ita inner edge with long spines. 

Tbe ambulatory legs are_ ten in number, and are bipartite. They 
arise from the last five thoracic segments of the body. The peduncu- 
lar portion of the leg coDsists of two segments. The external portion 
of tbe leg is composed ,^'f(iur ^ticul^tioDa,. the last of which ia long, 
claw-lito, and B^mited oir ita i^ner.edge. The internal edge of llie third 
articulation is aiwed with. a. gre^t .Dumber of very longipLnes; the in- 
ternal portion of the leg is composed of four very Bhort segments ; it is 
as long as the two iirst segments of the external portion. 

The abdominal portion of the body is much smallor than the thoracic, 
not being nearly so thick, and is generally in an erect position ; it con- 
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Bietaof six aegments, andtbe last has the extretnitj armed with two 
stales, which aro each compoaed, qC a aiDgle plat«, the extremity heiag 
anoed with five verj long spiiieB. . 

The organs of the mouth in this animal, from its small uze, I have been 
unable to make out, 

The alimeotat; canal consists of ti thaiJe straight tube. The tneath- 
ing is carried on doubtleBs bj rneana of the epines and setie, whicb are 
BO numerous on the foot-jaws. 

This species is distinguished from C. auatralis by the two long spines 
which arise from the twenty-second and twenty-third segments of the 
external antennce ; the extremitiea of these antennte in M. Vauieme's 
ipecics having only one spine, or, according to that author, bifid. The 
foot-jaws also differ in the two species, hut especially so in the third 
piur; these organs in C. septentrionalis presenting rery much the ap- 
pearance of a human hand with the index and little finger flexed, as it 
were, on the palm, whereas those of C> anstralis consist of three branches 
arising lh>m each side of a stem. 

BEOT. IV. — ON A NEW GEKUS AKD SPECIES OF CBUSTACBAlf. 

The animal which is now to be described, is met with occasionally 
among the Maidre, It is solitary in its habits, a single specimen being 
only seen now and then, owing, however, to its brilliant metallic colours, 
ia easily observed as it shoots along the Burfece of the water. 

The structure of thiB animal is such as to require the formation of a 
now generic situation in the family Pontia of M. Edwards. The deci- 
sion of this queation waa difficult, owing to the apparently contradictory 
diameters in the structure of the animal. I at one time placed it in M. 
Edward's restricted genus Monoculus, &oD the structure of the an- 
tennce and eyei. After a minute examination, liowever, of several spe- 
cimens, I was enabled to analyze the structure of the animal more cor- 
rectly. It forms the, or one of the, connecting links between the two 
families, namely, Pontia and Monoculus. It is connected more nearly 
to Pontia by means of the structure' of the body, the foot-jawa, the am- 
bulatory lega, the abdomen, and the eyes ; to Monoculus by means of 
the antennte and the eye. 

Upon looking cursorily at the organs of Tiaion, the observer would 
suppose that the animal was really Monoculus. Thia arises from the 
circumstance of the eyes being situated at the superior extremity of a 
tubular organ, which Ib apparently for the purpose of aisistlng the sight. 
The eyes are situated on the dorsal aspect of the body, near to the an- 
terior extremity of the body, and almost between the origin of the an- 
tenniB. 

flBNtrs riiEK^Ps.* (Mrai.) 

A large tubulsr organ arises from the lower or abdominal surface of 
the body, in the superior extremity of which tiie organs of -vision are 
situated ; the right antcnnoe very much swollen a little behind the middle. 
Foot-jaws ten in number. 

* St Iremnis to whom the church of Kilrenny or Ircnle in Y\U wu dtdlcatcd. 
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DescripUon. The whole animal gives forth a kind of luminous ap- 
pearance, which 18 apparently caused hy the splendid metallic colours 
with which it le adorned. The prevailing colours are Bappharine and 
emerald. The whole length b from about tiiree to four lines ; end the 
body, like 'Qiose of other animals of the same &milf, is divided into two 
great parts, the cephalo-thoracic, and the caudal or abdominal. The 
head is as large as all the thoracic segnienti conjoined ; the thoracic 
segments are six in number, and the abdominal are five. The head of 
this animal is largo and rounded superiorly and antcriorl^j it projects 
downwards and forwarde in the form of a rostrum. One pair of an- 
tennee arise from the anterior part of the head ; thej are hardly so long 
as the thorax, and are very curious. 

The right differs from the left in being very much swollen about the 
middle ; it may be divided into three parts ; the first or proximal is con- 
siderably dilated, and is of an oval shape us far as the sixth articulation, 
where it becomes much smaller, the four following being only about one- 
third of the size; the middle division of this antennte is also very much 
swollen, but ispyriformj the largest part beihgproiimal, and the contract- 
ed distal ; this division is six-joint«d, and the last Joint, which is largest) 
is deeply serrated on its inner edge. A large muscular or glandular body 
runs from the base of this division to the proximal extremity of the first 
articulation of the last division of the antennra. This last division is 
composed of three artioulations ; the first of these is the thickest, and has 
a deep notch on its inner Jedge, near to the basal extremity ; this orticn- 
tation is also armed on the same edge, but anterior to the notch, with a 
number of pplnes. This eurious mechanism seems to be adapted to 
prehension, but Whether it is used for this purpose or not is uncertain. 
The noteh appears to t>e a kind of hinge or joint, and the spines or ser- 
rations on each side of it meet one another, eo as apparently to make the 
hold more firm. 

The left antencee is very different lu its appearance from the right; it 
is composed of twenty-one articulations, is slightly swollen at its base, 
but gradually tapers to its extremity. 

The tubuhir portion of the eyes is situated Immediately behind the 
rostrum; it is very large, rounded, and bulges at its extremity; it is ap- 
parently sessile, is always directed downwards, and the colour is a 
beautifiil dark bmwn, with a shade of purple. A circular space at the 
extremity is colouriets, and sparkles brilliMtly. 

The foot- jaws, ten innumber, are very similar to those of tbeCetochilns. 
The first is double both branches, arising from one common pedicle, 
composed of two joints ; the external division is largest, and the extre- 
inity of the second is nrmed with two rounded scales, the edges of which 
are armed with a row of long fringed spines ; the internal division is 
composed of two joints, which are much more slender tlion those of the 
external, the extremity of the last being also nrmed wilh a series of long 
and fringed spines or aette. The second pair of foot-jaws are composed 
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of a peduncle, consbtiog of two jomta, two quadrate scales arisingfrom. 
the extremity of the distal ; loog spines which are fHnged on either side 
arise from the extremitiei of each of these. The third pair (Jfbof-Jawi 
are ver}r similar in their appearaace to those of Cetocbiliu. Each of them 
coesistB of a large flattened scale-lookiDgbodffhftTinga number of pro- 
jeetioiu frcHu its cxtiemit^ and from either side ; each of these projec- 
tions ore araed with long and thicklj fringed sette. The fourth foot- 
jaw consists also of one [deea aaij which is caarex od its anter «%c, 
and concave on its inner, which is aimed witii verj long IHngod setie. 

The fifth is small and composed of two dlvisioDB, the internal of which 
consists of one joint only ; the external is siK-Jointed ; each of these are 
armed with spines on the inner edge. 

The true ambulatory legs are ten in number^ there being five pairs. 
These legs are all similar in their sbucture to one another. They con- 
sist of two divisions, arising from a common pedicle, which consists of 
two segments. The external division is composed of four segments, the 
last of which is ovoid, and is serrated on each side, from each of which 
seiTationB there arises a strong spine of moderate length, those firom the 
external edge being diortest ; the internal diTiiion ooniistf of two seg- 
ments which are abo spined ; all of these have more of the chazaoter* of 
Bpioes than eetie, and are totally free of any fringe. 

The abdomen is five-jointed, the last segment bearing two ohiong 
quadrate scales from the extremities of each of which arise &ve long and 
very thickly fringed setw. 

PLATE IV .■ 

Fig. t. One of Uw ttdrdpairof fbat-JKWiirflitturasspUBdIdw. 

... 3, Tabalsrportion of eyeof s*>]i& 

'.'.'. 4. Eight antenn^. 

... 6. FoQrtli pidc of fbot-j«ws. 

... e. Fifth p^ of foot-Jawa. 

... 7. 8a«otidpair of foot-jaws. 

... 8, Candal M^TOs&t. 

... 9. Eitemal organiof gensraUon of m^e. 

PLATE VI. 
Elg. 1. Bids tUw of Cetoehlliu septmitrioRaUs. 
. , , 2, Dorsal view of suns. 
... 3. First or snteriM pair of aotennw. 
... 4, SecMiddo, 
... 6. Second pdr of fbot-jaws. 
... 6. Pint do. 

... 7. Third do. 

... 8. Tall or candal Mgmenl, 
... 9. Fourth pair of foot^AWS. 
...10. Fifth pdr of do. 
... 11. Seoond p«Jr of ambnlatorj legs. 

... IS. One of the firtt pair of foot-jawi of Irenacns spIendidoF, 
. . . 13. Irennna iplandidus. 
... 14. Natural liie do. 
... IB. Dorsal view do. 
...16, One of tbs aeesBd pairof fiwtjaws. 

• D«Erlpt<OD of FUK IV. conUnned from p. lot. ;,GoO<jlc 
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On ih4 Tmperatufe UmiHnp the DUtribution of Corab. By 
James D. Dana, Goologiet of the United States Exploring 
Expedition. Read before the Association of American Geo- 
logists and NaturaJistB) at Albany, April 29, 1843. 

I have before stated to the Association, that the temperature 
limiting the distribntion trf coral* in the ooean is not fiir from 
66° P. Oq aeoaitiuiung the iafloence of temperature on the 
growth (^ oorak, I was at OBoe enabled to explain the singular 
fact, that no coral occnrv at the Galapagos, although mider 
the Equator, white growing reefe have formed the Bermadaein 
latitude 33°, four or five degrees beyond the tisual coral limits. 
In justice, to mys^, I may state here, that this explanation, 
whi<^ was published some two years since by another, was origi- 
nally dfflived-from my manoseripte, which were I^d open most 
confidingly for his perusal, while at the Sandwich Islands in 
1840.* The anooialies which the Oallapagos and Bermudas 
seemed to preeent, were dwelt upon at some length in the 
manuacr^)t, and attrilHited in the tatter case to the influence 
of the warm waters of the Gulf Stream ; in the former to the 
southern current up the South American coast, whose cold 
waters reduce the ooean temp^ature about the Qallap^os to 
60° F. during some seasons, although twenty degrees to the 
west, the waters stand at 84° F. Extratropical currents, like 
that which flows by the Gallapagos, are found on the western 
coasts of both continents, both north and south of the Eqoator, 
and mtratropical currents are aa distinctly traceable on the 
eastern coasts, t In consequence of these currents, the corkl 
zone is contracted on the western coasts and expanded on the 
eastern ; it is reduced to a width of sixteen degrees on the 
western coast of America, and of bat twelve degrees on the 



* The publication liera alloded ti>, we nndemtand, referi to an Article, bj tie 
3. F. Ooufbouj, vhicli appeared lul jaa in tlie Boaton Jooraai of N&tUTBl HU' 

t Ibe exietenee of t1i«M gnM o«a^i(i CDTMkte wu Sm panted out to me bj 
our diBtinguia^ed meteorologiat Mr WiUiam a Rodfield, irtm kiufiy f umUi^ 
me witbcbard'of tbemaebofore thewUlivtrf'tiie Ezpediti^. 
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east coast of America; while in mid-ooeao it 10 at leaat fifty- 
Kx degrees wide, and about sizty-four degrees on the east 
coast of Asia and New Holland. The peculiar bend of the 
east coast of South America carries off to the northward much 
of the usual south intratropical current, and it ie therefore less 
distinct in its effects than the northern intratropical or Gulf 
Stream. 

We have henoe the resiaf kable faot, that tiie coral zwie is 
fifty degrees wider on the eastern than on die western coaets 
of our continents. Such is the efibct of the ocean currents in 
limiting the distribution of laarine animals. These facts will 
be brought out more fully in the reports of the Exploring Expe- 
dition. The important beturiog of Uiese facts upon the distri- 
bution of fossil species is too apparent to require more than a 
passing remark. The many tuioRtalies which have called out 
speculations as to our globe's passing through areas in space of 
unequal temperatures, are explained without such an hypo- 
theeds. Instead of looking to ^aoe for a eanse, we need not 
extend our vision beyond the coasts of our continents. — Ame- 
rican Journal of Science emd Arts, vol, xlv., No. I. p. 130., 
July 1843. 



0» the Areas of Snbtidmce in the Pacific, at indicated hy ike 
Di^ihuUoa of CortU Islands. By James D. Dama, Geologist 
of the United States Explc^ing Expedition. Read before 
the AssooiatioD of American Gct^ogista and Natnralists, at 
Albany, April 29, 1843. 

The theory of Mr Darwin, with regard to the formation of 
atolls, or annular coral islands, has been fully confirmed by the 
investigations of the Exploring Expedition ; but his regions of 
subsidence and elevation, and the conoluaion that these changes 
are now in progress, appear to have been deduced without suf- 
ficient examination. Observations at a single point of time 
cannot determine whether sueh changes are in progress ; they 
can only assure us with regatd to the past. A series of exa-' 
minations, for years in succession, is necessary to enablo us to 
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arrire at ike grand deduotion, &aA l^e ]and in taty pwi Of oar 
globe is now undergoing a gradual change of elevatitn. The 
views of Mr Darwin, respecting the riee of the South Ameriosg 
ooaat, BB well a« that of the PamBo and East IndicB, may well 
be received with some hesitation. According to my own obser- 
vationa, regions, in whioh his theory would require a eubei- 
dence, have actually experienced an elevation at some recent 
period, i might ioatance soveral examples of this elevation in 
varioas parts of the Pacific. Suffice it to say here, that I found 
nothing to support the principle laid down by him, that islands 
with a barrier reef are subsiding, while those with only a 
frilling reef are rising ; indeed, facts most stubbornly deny it. 
Without entering upon the discussion of these facts, which, na 
■they mil appear in the gOTsmment publications, I am not at 
liberty to dwell upon herO) I propose to point out what are the 
regions of subsidence which the coral islands in the Pacific in- 
dicate as having been in progress during their formation. 

Before proceeding, I may be excused for adding here a few 
words in explanation of Mr Darwin's theory, with regard to the 
formation of coral isl^ds. He rejects the unfounded hypo- 
thesis that coral islands are built upon the craters of extinct 
volcanoes, and proposes the following theory in its stead, which 
is supported by a minute as well as general survey of the facts.- 
The coral belt or atoll, he supposes to have been origin^y a 
barrier reef around a high island, like the reof round aumy is- 
lands in the Pacific. When the reef commenced, it could not 
have been extended to a lower depth than 100 or 120 feet, for 
this is the limit of the reef forming Cords. Bat if tJie island 
gradually subsided — so gradually that the corals could by their 
growth keep themselves at the euriace, the reef might finally 
attain any thickness, according to the extent of thd subsidence. 
In this manner, subsidence might finally submerge the whole 
island, and leave nothing but the reef at the surface. Mr 
Darwin points to instances in which only the mountain tops 
now remain above the ocean. Carry the process a little far- 
ther, and we have the coral belt surrounding its little sea — the 
usual condition of the coral island. 

This theory, as is seen, supposes extensive subsidence. And 
so, we remark, must every theory ; for, without it, we could 
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tmly have reefb 120 feet in d^th, inatead of the great ^iok- 
Bees they are believed to posBesst It is my present object to 
fix the area of thia subsidence, and suggest something with re-* 
gard to the extent of it in different parts of the ocean. On 
examining a map of the Paoilio, between the Sandwich Islands 
Bad the Society group, we find a large area just north of the 
Equator with scaroelj an island. To the south, the islands in- 
crease in number ; and oiT Tahiti, to the northirard and east' 
ward, they become so numerous, and are so crowded together, 
as to form a true archipelago. They are all, too, ooral islands 
throughout this interval. Thia, then, is a rather remarkable 
fact in the distribution of these islands. Bnt let us look far- 
ther. 

If we draw a line running nearly E.S.E., from New Ire* 
land, near New 3uinea, just by Rotumab, Waliis's Island, 
Samoa or the Navigators, the Sotnety Islands, and thence 
bending southward a little, to the Gambier group, we shall 
have all tho islands to the north of it, with two or three 
exceptions, purely coral, while those to the aouth are very " 
generally high basaltic islands. These basaltic islands are 
bordered by reefs, and these reefs are most extensive about 
the islands nearest this line. In the Feejees, the north-eastern 
part of the group contains aome coral rings, while the north- 
western consists of large basaltic islands with barrier reefs. 

Again, to the north of this boundary line, the islands /ar- 
theit from it are usually small, in many instances mere points 
of reef, a fraction of a mile in diameter, while some of the 
coral islands near the same line are thirty or forty miles 
in length. 

Now, a growing ooral island or atoll will gradually become 
sm^ler in diameter as subsidence goes on, and by the same 
prooees must finally be reduced to a mere spot of reef, or, if 
the subsidence is too rapid, that is, more rapid than the growth 
of the coral, the isluid will beo(»ne whcJly submerged and 
leave nothing at the surfaoe. 

On these principles I base my conclusions. Along tho equa- 
tor, as explained, there is a large area containing few islands, 
and theee small, while farther north, tho coral islands ore nu- 
merous and large : Is this not evidence, that the sabeidence 
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waa either more ri^id or carried on for a longer periiid in the 
fonner re^on than in the latter, where they are numerous and 
large? 

. Near the boundary line poipted out, staii4 some of these 
coral rings, eoclosing mountain tops as islet^— as at the Gun- 
bier group. Does not this indicate, that the subsidenpe was 
less here than among the islands purely coral to the north ? 
And greater, than south of the line, where the reefs are. more 
contracted, and the high islands larger and more el,evated ^ 
Washington Island (coral), in lat. Si" N.j is the last spot, of land 
OS we recede from our boundary line to the north-east. Be- 
yond is a bare sea, to tho Sandwich Islands. Is not this an 
area where the subsidence was too rapid for the corals to keep 
the islands at the surface ? 

It appears that, during this era, the Pacific from 30° N. to 
30° S., and perhaps beyond, was one vast region of subsidence : 
that subsidence took place most rapidly over the bare area 
between the Sandwich Islands and the Equator, and less and 
less so, as we go from this to the south-south-west. At the 
boundary line pointed out, it was not sufficient to submerge 
many of the mountain summits ; and south of this, the effect 
was still less. 

This.area covers at least 5000 miles in longitude, and 3000 
in latitude. Tho seas about the north-west coast of New Hol- 
land, shew by their reefs a contemporaneous subsidence, and 
they should probably be included, as well as somo parts of the 
East Indies. Fifteen millions of square miles is not, then, an 
oveivestimate of the extent of the region that participated in 
this subsidence. 

The region of greatest subsidence lies nearly in a west-north- 
west lino, for we may trace it along by Washington Island,, far 
towards the Arctic Coast. The whole broad area of subsidence 
has nearly the same ilirection ; for this is the course of the 
boundary line we have laid down as separating the high basal- 
tic and the low coral islands. It is highly interesting to ob- 
serve, that the trend of the principal gro)^)s of islands in the 
Pacific corresponds nearly with this course. The low or co- 
ral Archipelago, the Society Islands, the Navigators, and the 
Sandwich Islands, lie in the same general direction, neariy y/t&ie- 
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north-vest, and east-south-east. Tt should he remarked, that 
the Sandwich group does not contain merely the seven or eight 
islanda nsually so-called ; eight or ten others stretoh off the 
line to the north'; some, small rocky islets, and others, coral, 
and the whole belong evidently to one seiies. I will not say 
that there is a connection between the trend of these groups 
and the area of subsidence, yet it looks much like it. 

A farther point may be worthy of consideration. The Sand- 
wich group consists of basaltic islands of various ages. The 
island at the north-weet extremity, Tauai, ia evidently more 
ancient than the others, as its rocks, its gorges, and broken 
mountains, indicate. By the same kind of evidence, it is placed 
beyond doubt, that igneous eruptiohs on thoso islands con- 
tinued to be more and more recent, as we go from the north- 
west to the south-east : at the present time the great active vol- 
cano is at the south-east extremity of Hawaii, the south-east 
island. The fires have gradually become extinct from the 
north-westward, and now only burn on the south-west point of 
the group. At the Navigators, and I believe also at the So- 
ciety group, the reverse was true ; the north-west island was 
last extinct Is there any connection between this and the 
fact, that low islands are numerous north -north-west of the 
Sandwich Islands, and south-south-east of the Society I Does 
it indicate any thing with regard to the character or the sub- 
sidence in these regions % 

The time of these changes wo cannot definitely ascertain ; 
neither when the subsidence ceased, for it appears to be no 
longer in progress. The latter part of the tertiary and the 
succeeding ages may have witnessed it. Althougti I am by no 
means confident of any connection, yet for those who would 
find a balance-motion in the changes, I would suggest that the 
tertiary rocks of the Andes and North America indicate 
great elevation since their deposition ; and possibly during this 
great Pacific subsidence, America, the other scale of the ba^ 
lance, was in part undergoing as great or greater elevation. 

But why if the 'Western American coast was rising, do we 
find no corals on its tropical shores to indicate it ? The cold 
extratropicol currents of the ocean furnish us with a satisfac- 
tory reply. — American Journal of Science and Arte, ypl. xlvJ 
No. I. p. 131, July 1843. C.OO^Fc 
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An Account of Experiment! with Thermo- and H^dro-EUctrical 
Current, mith an examinaivm of the Metah exposed to 
7"h«nno-Eleeltic acfism. By lib B. AWE of Liverpool. 
Commuiiicated by the Author. 

The experinientc detailed kt the following oommnnication, had their 
origin in a desire I felt to teat » bjpotheBit, which regarded heat aa a 
bJDUj compound, composed of latent heat and eleetricitj-. The 
study of theimo-electricitj had already indnced M. Becquerel to hold a 
view not very disaimilar, viz. tiiat under some circiunstaucae heat waa 
resolved into the two electricities ; and again, that the two electricities 
eould coEBtnne, and produce lieat. From the Bame eource I hoped lo 
derive proof or diqxoof of the theory tliat latent beat and electricity 
could unite, but the experimeBts had net proceeded far, before I began 
to despairofobtaiuing evidence on this bead;nemtiides*, the tMultsgJTen 
by the drat attenpta appeared to me sufficient to enoom^^ fivtiier ex- 
aminations, when diey were conducted without refer»ice to tbe hypo- 
-Uiesis in questiou. 1 then resolved to follow only the eTperiroents, and 
it is with the detuU of that part of them which appears to me to l>e 
worthy of the attention of your readers, that this paper is now sub- 
mitted. 

I was desirous to obtain a thermo-electric battery, which would pro* 
duce am powerful a current as possible, by the action of sun and sky, 
without the ^d of difierences of temperature sustained by artificial 
means. M. Mellooi's email needles of antimony and bismuth ate known 
to fonn a thermo-electrical battery of great sensibility, but for a permsk.- 
nent current susbuned solely by the temperature due to different radia- 
tions through the atmosphere of the two extremities of the bars, I found 
longer pieces of antimony and bismuth &r more eflbctive. On varying 
the length of these pieces of metal from 1 to 16 inches, 1 found 8 inches 
to develope the fiill power of a single pur. 

When the number of bars of antimony and Insmuth are gradually in- 
creased, tlie quantity of electricity indicated by the galvanometer' fol- 
lows in the same direction, but from each successive addition of a pair 
of bars, tiie quantity of electricity derived from that addition decreaaet, 
as the number of bars, or length of Ae electrical current, increases ; ■« 
that, wben 2 sets of 30 pairs of M, Melloni's bars are combined together, 
to form one battery of 60 pairs of antimony and bismuth needles, there 
is a far greater giun in quantity of electricity by this addition of 30 to 30, 
than we gmn from the next similar addition of 30 to the circuit of 60 

pMIS. 

Beyond 90 pairs of antimony-bismuth bars of the sixe used by H. 
Melloni, comlnned in a single battcay, I bave not been able to gun any 
aogmeutoUon to the electrical cnrrent. If 8-inch bars be employed, and 
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it is aonght to incnaie tbe quantity of electricity from '& singk bfttteiy 
to itg higheBt point, this will be found to be attained bj 11 pain of bar^ 
where the electricity circulates througli 176 inches, or nearly the eame 
length of the combined metals us in a battery of 90 pain of l-incb bars ; 
hence, in conitnicting thcnao-electrical batteries, the number of bars 
capable of producing tbe greatest ^botj is dependent on the length of 
the bars cbosen. Again, when we desire to produce the greatest effect 
from a number of bars, whether in a, single battery, or arranged in. 
several batteries acting together, the principle giren by Frofeseor 
Daaiell for Biranglng hydro-electrical cells, will hold good for thenno- 
electricity.* "From tlie«e erperiment* it appears, that the most ad- 
vantageous adjustment of active force and resislanea is in the seriee of 
10 single cells, and tbat tbe largMt anoust of wt^ which «m be denved 
from 20 cells, is when they are arroaged in two series of 10." 20 pairs 
of antimony and bismuth bars, 8 inches long, to give the largest amount 
of work, should be disposed in two series of 10 each. 

On combining a number of aeries of thermo-eUcteical batteries to- 
gether, the quantity (rf electrldty supplied by the whole is a simple 
multiple of the number ; I have found in Sfi series with 80 inches circuit 
for the electricity, the quantity to Increase regularly with each succes- 
rive addition of a series to those already in action. The ease hero is 
different from bars combined to form a single batteryi in the latter tiie 
whole electricity generated lias to circulate through a greater length (^ 
metal on each addition of a p»it of ham, while tbe resistance to the con- 
duction ot the fluid progresses by this change in a greater ratio than the 
quanti^ gained by each successive addition to the number of elements. 
In the former, where different series of thermo-eleotric batteries are 
placed so as to act alongside one tuioiher, the length of the bars of 
metjil, through which the electricity passes, remains constant ; faence 2 
series supply twice t^e quantity of one, 3 series three times the quantity 
of electricity, and so on. 

When a pur of antimony and bismuth baaa soldered together had 
their joint, and a portion of the bars for i^ut 2 inches within it heated 
by tlje sun, the electricalourMut gmentted was found to be more power- 
ful than when the joint only waa exposed to tbe solar rays ; this led me 
to try arraDgements of bars with pieces projectiag beyond th^ jointa, 
antimony being a better conductor of heat than bismuth, was selected, 
and arranged as the projecting metal. 

1 have fbund this kind of battery superior to tiiose where alt the metal 
Burfoce engaged radiating forms part of the dectrical circuit, and 1 
believe it to be solely doe to the I»u^e radiating suifeoe placed beyond 
the. electricid circuit, wiiere it e^ete tbe required diflbrcnce of tempera- 
ture betwixt the joints, with a short path for tbe thermo-electricity de- 
veloped. 

* See latraductiiHi la Chemicsl Pfailoenphf , p. 400. 
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Hie annexed figure repreBents a tbermo-electrica] teriee of anti- 
raonf-bisinuth ban, comluned to be used for developing thenno-electri- 
citj bj Bolai or astral radiation. 

. Fig. 1. 



a, a, a, a, represent 30 bars of antioionj, 8j^ inches long, bj three six- 
teentha of a,a inch sqiw«. b, b, b, 20 bars of bismuth, 4| inches long, 

three-alxteenths.of an inchsquare. 

Slips of brown papor coat«d with shell-lac, intervene betwixt eacb 
bar, so as to insulate the metals In every part, excepting their soldered 

The shell-lac also serves as a cement to bind the bars together. 

e, the pole attached to the antunony, e, the first joint, d, the pole 
attached to the bismuth. 

In this arrangement, the electricity circnlatea through 40 bars, 4^ 
inches long each, or 180 inches is the length of the combined metals. 

The thermo-electric battery (fig. I,) cam be employed as a me- 
teorological instrument to shew the amount of radiation to or from 
the earth ; for this purpose it has to be fixed in an exposed utuation, 
with the lower half screened from the sun and shy ; wires soldered to 
the poles are then led to a galvanometer fixed inside of a house, when 
the wires are 15 feet long ; the clear summer's sun turns the magnets of 
the galvanometer nearly to a right angle ; while astral radiation, under 
bvourable circumstances, deflects them in an opposite direction 26 or 
30 degrees. The arrangement described is remarkably sensitive to thin 
vapours passing over the sky ; and even witli the galvanometer, 40 feet 
distant from the battery, the indications are sufficient to fumisli a scale 
which will enable an observer on inspection to judge of the rate of 
radiation to or from the earth. 

The battery with projecting radiating ends appeared to me to admit 
of application to generate currents of the lightest tbermo- electrical in- 
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tennty; ttie annexed Bgure shews tli«' ride vieir ef a 4-^Mir buttoif 
Knanged to be excited by flame. 

Kg. 2. 



a, a. Antimony bar 8| incbei long ; h, h, Usnnlth bar 6 incbes Ion? ; 
e, tbe soldering ofpuTebUmathei!poBed to K beat a little lower tliaatbe 

melting temperature of Uiia metal. 

d; d. Slips of wood one-twentieth of aa inch thick. coat«d with shell lao, 
and inserted betwixt the ban to keep them from touching. Four pairs 
of these bars are placed aide by lidej and kept apart by slips of wood 
lilte d,d. Figure 3 represents the end view of the 4 combined pairs, 
vith the Bolderings necessary to oompleto 
the electrical circuit ; a, h, e, d, tlie ex- ^g. 3. 

tremities of the antimony bars farthest 
from the exciting flame ; e,/, g, h, tbo cor- 
responding extremities of the bismuth bars; 
a/, bff, th, solderings to complete the elec- 
trical circuit ; e i, the pole attached to 

bismuth bar ; d t, the pole attached to antimony bar. Weight of the 
whole, 8 ounces. , 

The advant^e derived from placing the antimony bars side by tide 
is, that a smull flame serves to excite the whole. The parts a, e (figure 3) 
of the antimony bars, are enveloped in a blue de-ozydizing flame, where 
they attain a temperature corresponding to the first degree of redness, 
barely perceptible in the dark, and maintain at the soldering •: (figure 2) 
a heat little lower than the melting temperature of biBmoth, Thus, be- 
twixt the two extremities of the pile, a difference of temperature equal 
to 300° of Fahrenheit, may bo Bustained by means of a small gas flame to 
supply a powerful and equal current of ihermo-eleetriei'ty for months. . 

9. In performing a number of chemical decompositions by the thermo-. 
electrirfty derived from the battery, figures 2, 3, they were fbund to be 
subject to irregularities, which at first proved Very perplexing ; during 
i months that the battery was in constant action, there appeared to be 
a gradual Iobb of decomposing power. The action was commenced at the 
end of the hottest part of the enmmerj and as the weather approached its 
winter temperature, the difibrenoe betwixt the hot and cold ends of the 
bant had augmented about 25 degrees, consequently the battery was ge- 
nerating a cnrrent of higher intensity (for i}ie electro-motile force baa 
been proved to vary with the temperature). Any gain, however, from such 
a source, is entirely annihilated, if the temperature of the decomposing 
cell be allowed to follow the weather. ElectrolyBis by thenno-curronts, 
from the low intensity of the electricity, are keenly sensitive to any 
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«Aiuig;eiiitt«aADltt«i of thainlMiuiGMeUotrftHxad; eoBisqMntlj', tbaj 
become a delicate nteanire of TsriatioDB in offinitiei, 

10. Wbere copper poles immersed ia a sulphate of copper sohitioti are 
used, for an electrical coirent to oxjdlze and deposit the metal, the a|B- 
nlty of ttie copper for osfgen risea wiUi the tempantnre, while, at the 
eppetit« po1«, it appaan not to retain It more firmly ; but .in irorkini 
with roj feeble currents, I have fonud that a lower intensity will suffice 
ia ozTdbe eopper at th» poiltive pole, tluui is neceisuy to preoipitate it 
M a metal on the negatiTe pole. 

11. As the therrao-electrical current ficom the battery, fipirei 3, % 
could be relied «n ft» regular action during a period of steady weather, 
TmadeexperimeDtiof two days' duration each, to uoertain the changes 
ttt the qnanti^ of copper osydlied at the positive, and precipitated at the 
negative pole, at different temperatures, by a ooustout electro-motive 

The mean of two experiments each for 95, 65, 130, and 200 degioea ^ 
Fahrenheit, gave quantities cormpondiDK t» the numbers 9, 16, 110, 330, 
the effect increasing in an accelerated ratio. In the esperimenii con- 
ducl«d in a voltameter at 55°, there Is no copper predpitated on the ne* 
gativo pole, but the quantity, oxydized at the poMtive pole meaenres tlie 
extent to which water has been electioliied. 

Henoe, in manipulating with electzical eorreots of low intensity, it is 
essential to attend to the temperature of the decomposing oell, for the 
force which separates tiie particles of oxygen horn hydrogen is made 
up of the electrical power and the affinity of the metal of tbe pole (in 
the above cbabi eopper), for oxygen in its nascent state, platinnm poles, 
used with the same eleotro^notive force, are unable to effect any decom- 
position in acidulated water at temperature* within our command. 

Where the temperature of the voltameter was allowed to change with 
the season, the same cause which exalted the intennty ef the thermo- 
cnnent removed a force acting in conjnnction with it, produung a rapd 
diminution ht the extent of the decomposition ,* therefore, the loss of affi- 
nity of copper for oxygen proceeds in a more rapid mtio than the gain 
to the iotensi^ of the current, from a greater di%fence of tempentiire 
betwixt the two extremities of the pde. 

Hence the apparent loss of power in the tiiermo-battery, figures 8, 3, 
dnring the 4 months* aetjcm, and on lestoring the decomposing oell, te 
Its fbrmer temperature, electrolyns aasumed the activity given at the 



12. It must be e^dent that, in pushing decompositions by thumo-cuT' 
rents to theb highest point, asiistanea may be derived firom a high 
temperature Is the voltametre. Iron, ft>r example, decomposes water 
witiiout any aid from eleotiidty at a red he&t ; at 60° Fahrenheit it i«- 
quires the assistance of a powerful thermo-electric current to disunite 
the elements of water ; betwixt these two temperatures there is ui ex- 
tensive range of affinity, requiring, at tike difi^rent points oS the eoale, 
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an elsetro-motlTe foroe, whleb, added ta &e ft&aiiy of the Iron tot oxy- 
gen at these pointe, is Bufficient to efE^t Qio deeompotitioQ. H«nea 
it foUoVB, fliat tfae feeblest electrical eurrenta with'vhicb wa aie ac- 
quuQted, ma; be made to deoomposa water when aiaiited b; the ac- 
uity of the metob fonning the pole« for tbe nascent oiygen, elimmated 
-by platinum and a more powerfiil ourrent. 

13. Altboagh I have never succeeded with any decompoeition by 
platina poles, and a thenno-current at tlie higfaeet temperatine, I could 
command, with oxydizable metalBfU peribrmed by Mr Waftina,* tho 
battery, figures 2, S, osydizas and deposit* metallic copper in a volta- 
inet» at 200° Fahrenheit, at tfae rate of SI gnint per day, the diObrence 
in weight betwixt 2 equal copper wires after 21 hour;' action being 42 
{(rains; so that, in 164 days, a quantity of copper equal to the whole weight 
of the battery can be deposited, while, to alt external appearance, the 
bars which developed the force essential for this powerful chemical ac- 
tion have undergone Uttle change. 

14. The metallio salts, when placed in a voltameter with poles of the 
Bime metal aa tbeir base, yield readUy to a tiiermo-current ; under such 
circumstances, there are a great number of metallic compounds decom- 
posable by this force, where the difference of temperature betwixt the 
two ends of the hatteiy might serve to measnie the relative power of 
the affinities which unite the elements of the electrolice. 

14. The cyanuret of silver in solution, now so much used in electro- 
plating, undergoes electroUzation with a thermo-cnrrent, derived from 
a single pair of antimony and bismuth bars, excited by radiating to a 
clear sky. The silver appears in the usual frosted fbrm on the negative 
pole, and I believe this metallic deposit can be obtained at lower tempe- 
ratures and with feebler cuirents than any other metal. Copper poles, 
and iron poles in a solution of water acidulated with sulphuric acid^ give 
as distinct evidence of decomposition of water by feeble currents, as w^ 
obtiun with the cyanuret of silver and pure silver poles ; with copper 
poles, the bla«k oxide of copper is obtained, then the fluid is slightly 
tinged by the formation of the sulphate of copper ; with iroo poles, the 
green tinge from the snlphate of Iron appears. But for all of tbem, it is 
essetttiol thoroughly to exclude the atmosphere, otherwise a more active 
source of chemical action will be present, which will render it impossible 
to watch the effect of the thermo-electrlcal current. For the«e minut« 
indications, I have found it necessary to keep the bars in action from three 
to six months before the evidence of the decomposition could be relied 
on. At their commencement, the galvanometer, when applied to form 
part of the circuit, shewed that minute quantities of electricity passed; 
but as Dr Faraday had found that fluids were capable of conducting 
electricity to a small extent without decompositjon, this did not appear 
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to me (uffieieDt to eafaibliih the (act of el«ctr<dj'u» being perfonoed b; 
canenti of the lowest intenritf . 
. 15. Tbe annexed figure 4, ehewa the fbrm of voltameter suited for ei- 
chlding the Atmospherej or for woAing nndei preMme. 



A 



a, a, A piece of glan thermometer-tube of round bore, blown into ■ 
tolb At h,e. d, A imali capiilary tube drawn out from tbe bulb, and 
bcnnetically RSaled, after it bus been used to fill tlie bulb with the flQid 
under trial, e, e, Poles cemented or fused iuto tbe glass tube Kt a, a. 

With ul^er poles, I have found to fuse the glau round the eilreT tbe 
moat conveuient, but with oxydizable metab> cement most be etnplojed, 
for tlie pole would be coated with oxide of the metal, if fasbgnu at- 
tempted. 

16. The decompositions performed by a single therm □- couple, acting 
for a long time, can be efibcted quichly, comparativelj speaking, bytbe 
arrangement flgure 1, exposed to the sky. At the beginuing of May, i 
single da; of clear sun made a distiuct deposit of silver on the negatiis 
pole, in a Toltameter, fig. 4, with eilrer poles, and filled with cjwunet 
of silver. In this experiment, the decomposing cell ii exposed to tbe 
sun's ra^ to raise its temperature, and thus exalt the aSoitywhichacts 
in coDJnnction with the electrical force (10.), Again, with copper polea 
in acidulated water, arranged simitar to the foregoing experiment wltb 
silver poles, the astral radiation, for 8 hours of a clear summer nigbt, 
teuiperatnre 60°, developes a tbermo-electrical current which coats with 
a thin film of the black oxide of copper the positive pole, while the ne- 
gatire pole retains its original brightness, 

17- The thermo-electric battery, Gg, 1, arranged as described (7-), had 
a voltameter, Gg. 4, with a solution of cyanutet of silver, and silver poles, 
attached bf a pur of wires 40 feet long each ; these wires allowed the 
voltameter to he maintained at a nearly uniform temperature of 90° is a 
sand-bath ; the experiment commenced on the 1st of March and con- 
tinued for two months ; the silver poles were adjusted at the beginning 
to be exactly of the some weight; when weighed at the conclusion, Ifiew 
was a difierence of iVth of a grain, with a distmct appearance of ^'er 
deposited on tbe pole attached to the antimony extremity of the thermo- 
battery, which is the negative pole for the current derived from astral 
r.idiation. How tiie electrical current from this source should exceed 
the qnantity supplied by solar radiation during March and April, has 
been to me a matter of some surprise, and even for May the noctuinal 
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current seems to be the moet powerful ; but this may be occasioned by 
tlje predomioance of heavy cloudy days daring the preeent month. - 
. As the eiistenco of electrical currenta through the metalliferom veins 
of the earth, has been demonstrated by Mr Fox, the det^la of these ca«ea 
of minute deconipoution by feeble cturents, may be useful to assist us 
to comprehend the sources of change in the form and depoution of mat- 
ter in the great laboratory 6f Nature. 

18. Since the experiments given in 14-16 prove the depoution of me- 
tallic silver to be far within the range of therm o-electrical currents de- 
rived &om astral and boIht influencej the question naturally ariras, whe- 
ther, in addition to the application of the battery, Cg. I, to meteorologi- 
cal purposes, described (8.), it may be so ammged as to depout silver, 
through the calorific power of the summer's sun, and thns supply a scale 
wherewith to measure or compare tiie solar heat of one season witb that 
of another. 

For our climate, to gun a range sufficiently great, currents derired 
&om seveial series of batteries must be passed into one voltameter, fig. 
4, which, like &e upper half of these batteries, must be exposed to sun 
and sly. The experiment in 14. shews that the current in an oppofdt« 
direction can remove part of the silver depodted by day ; at temperatures 
below 6<f°, I have always found the results of electrolysis so minute, for 
currents derived from astr^ or solar iaflueiice, that this source of error 
is imperceptiblein the result; astral radiation acting on a battery, fig. I, 
fbr the three winter months, did not deposit silrer to weigh il,th of a 
grain, yet with a magnifier the usual frostedappearance of the deposited 
metal could be distinctly seen. In a warm climate, there can he little 
doubt tliat the sun will deposit enough of metal for the required scale. 
After the experience of 8 months with the action of this instrument in 
our latitude, I believe that it will prove useful to those engaged with 
inquirieB into the extent of radiation in different climates. Forexample, 
a battery, with its attached voltameter, might be placed in a high alpine 
etatdun, and left untouched fbr a yew. 

{ToJ>e continued.) 



Zoological Summary of the Extinct and Liv^ Animals ^ the 
Order Edentata. By Profesaor Owbn. 

The light which b thrown on the nature of wunialfl belonjf- 
ing to extinct apecies by the comparison of their foBsil remains 
with recent skeletons, is very often reflected back, so as to 
elucidate aEanitieeofexiBtingspcciea which were before obscure, 
and which must otherwise have remamed mbjects of debate 
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ted doubt Of the happy inflaenoe of FalEeoDfologjr id file 
resolution of such problems in natural hlstoT7, the present ap- 
plication of the ostedogy of the Megatherioids affords a good 
•sample. 

The genera Bradgpta and Chokepw have been regarded by 
all zoologists as forming one of the most anomalous and isolated 
groups in the maramiferous class, of which no othei- proof is 
needed than the fact, that whilst Cuvier, in the " lUgne Ani- 
mal," has placed the Sloths in the lowest order of UnguiculatA, 
hia successor* in the celebrated French school of zoology has 
seen reason for raisiiig to tiie highest, or quadtnnlanonB order, 
agreeably with an old opinion of Linnjeutf. 

Our present knowledge of the extinct Megatherian quadru- 
peds leads us to contemplate the natural affinities of the Sloths 
from a vantage ground not attained before, yet essential to a 
correct and comprehensive view of them. The tardigrade and 
Bcansorial Edentata appear to the claaetfier conversant only 
with existing forms as a vety reatriotod and aberrant group ; 
bat they may now be recognisable by the palaeontologist as 
the email remnant of an extensive tribe of leaf-devouring and 
tree-destroying animals, of which the larger extinct species 
were rendered equal to the Herculean labours assigned to them 
in the economy of an ancient world, by a gigantic development 
of the unguiculate type of structure, combined with such mo- 
difioations as unequivocally demonstrate that they were at the 
lowest step of the series of Mammals furnished with claws, 
and that they completed the transition to the ungulate divisi(m 
of the class. 

It harmonizes well with this general view of the affinities of 
the Megatherioid quadrupeds, that whilst they brought the un- 
guiculate type, both by modifications of stnicture and predo- 
minance of siio, most closely to that of the great-hoofed her- 

* M. de BWuvills, Frvdromt d'tin« Kovvelh Zooelaiile, 1 S16 ; quoted by the 
MUmt In hU noBnt iplendld Oufosfriphie, in wbleh he odilucea the folIowiDg 
MMotogioal obsTMcUn M comniun to the Slotha and Qandninuuies : — " Ce aont 
da* Frimstce: — Far I'^tat complet da I'avant-braa ; la rotoaditg de iJtJta du 
radioe ; la mobilitfi du cni'pe but I'avaiit bras, — Far I'etat 6galenienl complet de 
Ib jttnbe iaat ms deux en ; la gtatid inability du tame sur lea iM de la jambe. — 
CU W ibria gauni» du Irouc. pmque uni queue, laige et deprimi plutOt que 
comptimfi i la poitiine J— par la lacgeur du bassin." — Oiloirapkit de Partumx, 

4to,is4o, p. ee. 
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birora, they likewise werot of ^ the qnadrupedi provided wltll 
formidable olawa, the moBt atriotly v^etoble feeders. 

And, if we have reason to view the stnictiiral differenoos or 
superadditiona which the Megatherioids present, compared 
■with the Sloths, as being the necessary ooniequenoes of an 
, identity of diet in quadrupeds too bulky to climb, and there^ 
fore requiring new powers for the attainment of the foliage, 
Buoh an interpretation of the peculiarities of their organiza- 
tion, whilst it confirms the doee mutual affinities between the 
great extinct and small existing phyllophagous Unguiculata, at 
the same time indicates unerringly the true natural affinities 
of the whole of this great tribe to the other groups of Mam- 
malia. 

It would border upon the ridionlous to advocate the claims 
of the Mylodon to the Quadrumanous order, because its thorax 
was wide rather than deep, its muzzte broad and truncated, its 
pelvis expanded, the head of the radius round and apt for ro- 
tation, the inflection of the carpus and tarsus flree, the long 
claws prehensile, and the diet exclusively vegetable. Yet the 
claims of the Megatberiane to be associated with the Apee and 
Lemurs, are, on these grounds, equal with those of the Sloths. 

The only modifications in the small tordigrades which might 
mislead a naturalist into exaggerating the importance of the 
characters just cited, are due, in fact, to the absence of the 
characters of the phyllophagous Edentata, by whioh the Sloths 
are made inferior to the Megatherioids, without being thereby 
especially approximated towards the Qoadrumans : such, for 
example, as the removal of the ungulate digits, the loss of the 
mobility of certain joints in the hands and feet, the diminution 
of the bulk of the body, and the inoomplete clavicles in one of 
the species. 

It is most probable that the Megatherioids, like the Sloths, 
give birth to a single and unneually large foetus ; but in that 
case, they would coincide in their unlporons generadon with 
the Elephant and Whale, as mncfa as with the Ape. If their 
utenu was undivided, as In the Sloths, they would agree with 
the Armadillos, as well as with the Quadrumanes. The pecto- 
ral mam m a of the Dugong ood Elephant shew the iosuffioiency 
of this oharaoter in determining the natural affinitiee of a 
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mumnal, if we nnnme that the M^fatheri(dd§, like tiie ^oth, 
rewmUed tiie Frimatea in the position of the laotaferoiu 



In 1^ lowest of the Qnadromana, as the Mydas Monk^,* 
the brun, thongh smootb and almost as dovoid of coDvoIutions 
as in Uie bird, is yet ohomcterized by the lai^ proportional 
size of the cerebral hemispheres, which extend a considerable 
way over the cerebellum. In the Sloths the oorebellani is almost 
lefb exposed, and in the Megatherioids mnst have been quite 
uncovered by the cerebmm, which was of as small proportional 
size as in the Ant-eaters and other Edentata. The forwwd 
inclination of the occipital plane which the Sloths and Mega- 
therioids present, in common with most other Edentata, is a 
character manifested by no tme qnadrumanous animal. 

The dental system has evidently reaehed its lowest condi- 
tion, amongst Mammalia, in the order Edentata. As respects 
the proportion of the order, comprising the trae Ant-eaters 
and Pangolins, to which the term " Edentulata" was originally 
and restrictively applied by Briseon, that term is quite appro- 
priate, and it wonld have been well if its signification had not 
been extended to so many species to which it is inappUcable. 
The Orycterope, or Cape Ant-eater, for example, has molar 
teeth ; some of the Armadillos possess, in addition to their 
molars, one or two teeth, which may, from their, position, be 
termed indsors; and the two-toed Sloth has teeth which, by 
their size and shape, merit the name of canines ; but whatever 
be the powtion, ^pe, or nse of the teeth, in no Edentata 
species of the Curierian system does the enamel enter into their 
oomposition. 

The modi6cations in the intimate structure of the teeth, 
which are extreme, and peculiar to the quadmpeds of this order, 
may be regarded as another indication of the low ebb to which 
the develc^ment of the dental character has sunk, now variable, 
imd, as it were, flickering before its final diaappeu'ance. 

Ja the Orycterope we find, strangely repeated, a microsco- 
pic structure ch^'aoteristio of the teeth of the Ray and Saw- 



* Bm my (aper <»i the Baaon of the Mmnplal AninaLi, FhU. Tniu., 1837, 
PL T., Fig. 2, p. 93. 
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fish,* very difibient from any modification in the teeth of other 
Edeaitata,'or of other Mammalia. The intimate etmoture of 
the teeth of the Megatherioids and Sloths, is quite as peculiar 
to them among mammalia ; bat this modification has not been 
observed in any other clasa of vertebrate animale. 

This Btmotnral peculiarity of the teeth; and their continual 
growth in the Sloths, are characters which, independently of 
the total absence of incisors, and diminished number of mo- 
lars, form an essential objection against their approximation 
to the quadrumanous order ;t and the value of these difi'eron- 
tial characters is greatly increased by their close repetition in 
the teeth of all the large extinct Megatberioid animals, whiol?, 
whilst essentially related to the existing Sloths in other parts 
of their organization, approximate in those modifications by 
which they differ from the Sloths, not to the Quadrumana, but 
to the Ant-eaters, and in a minor degree to the Orycterope and 
Armadillos J thus demonstrating by their differences, as by their 
resemblances, the essentiQl relations of tiie Sloths to the Eden- 
tate order of Mammalia. 

The degradation of the armature of the jaws in this order 
produces, especially in the truly edentulous Ant-eaters, a re- 
semblance to the class of birds in one of their best marked 
characters ; and amongst the implacental Edentata, we find the 
jaws themselves assuming the form of a duck's bill in the Or- 
nithorynchus. 

It may be observed of the Sloths, that they illustrate this 
t^nity or tendency to the oviparous type by the eupema- 
merary cervical vertebrse auf^rting false ribs, and by tho 
convolution of tho windpipe in the thorax, in the three-toed 
species; by the lacertine charaoter of three and twenty pairs 
of ribs in the Unau ; and by the single exorementory or cloacal 
outlet, by the low cerebral development, by the great tenacity 
of life and long enduring irritability of the muscular fibre, in 
both speoies4 Most interesting, therefore, becomes the disco- 

. • Bsport of the Britbb Anocintiaa, 1838, p. 149. 

tM.de BI^Tille admit*, that the chancter a! tb* dental ijitem, — " Co 
(yit^me dentsire plui on moim incomplet," lot. cit. p. S8,— ia *n Indication of 
their affinity to the Edentata. 

{ "Cor mot(uneunmvitlidieeimeretiaebat,postqiiunexemptiimerat STOrpore, 
pet semiborium ; — Eiompto corde cKlarisque viscerlbus, multo poal m movebat 

CooqIc 
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very, that in one of tho huge extinot Sloths, another chsracter, 
heretofore deemed peonlior to the olase Of birds, should have 
been repeated, viz. the bony conflnence of the last donial and 
the lumbar vertebrae with the Baomm. All these indications of 
a transition to a lower class harmonize with the Cuvierian view 
of the zoolo^oal poBititm of the Sloths, as members of one of the 
lowest and most aberrant orders of Mammdia ; and all oppose 
themselves to the promotion of the Sloths to the Frimateis and 
to their separation from the terrestrial Edentata, which afford 
in the Ant-eaters and Pangolins, the Echidna and Omithoryn- 
ohuB, so many additional retrograde steps towards the Ovipar- 
ous olasses. 

It would be tedious to reiterate the special and gradational 
affinities of the Mylodon and it« congeners to the different fa- 
milies of tho Edentate order, since these have been so fully 
elucidated in the oomparisons of the several parts of their ske- 
letons. They establish the general conclusion, that the exist- 
ing arboreal and extinct terreetriiU Sloths constitute a primary 
division or tribe of the order Bruta or Edentata, equivalent to 
the tribe Lorioata or Armadillos, and to the true Edentata, or 
the Ant eaters and Pangolins. 

The teeth and jaws give the essential oharaoter, and govern 
the aliment of the new primary group, of which the name PAyl- 
lophaga, here proposed, indicates the characteristic and pecu- 
liar didt. 

The characters of the tribe, of its families and genera, and 
of the extinct species especially noticed in the present Memoir, 
ore given in the subjoined Synoptical Table. — Owen on the My- 
lodon robustUB, p. 162. 



et pedes lente contrahebat aicnt dotmituriena aolei." — Piion, But. Brtu. p, 32?, 
quoted hy BuSbn, who well obeervcl, " par ces rspporta, ce quadropide ne rap- 
proche non •eulement de la tortoe, doot il a d#jl la Xvaieax, m^ enowe des 
antrea repUlM, et da (oiu ceux qui n'ont pat un centra da aentlinent naiqae at 
blui diBtinct." — Loe. dc. p. 45. The endowment of aperdatant ferraatiTe <»^an 
of the teeth indicates another property in th« MegHUMriotil animal!, bj which 
they would reeamble tbs cold-blooded Replila«,ili. langavlty. 
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Conspectut Familiarwn, Oenerum, et Sptcieram, Brutorum frondea 



Obdo — Bbbta, Linnieus, Pi8cb« {Edantata, Curier). 
DentH nulli; aut ndices, eeivicem, et ad»iiiBDtHni carentea. UogueE, 
bknlte magDie, plenunque TaginaUe, d«fl»eteates. 

TSIBVB— PHTLbOFBAOA. 

Deotea pauoi, e d«atiao Twonloso, denUuo duio et ctemento oomposiii, 

den tin o Tasonlmo axem TnagDum foimante. 
ApophfBiB descendeni in owe jugali. Acromion cum pioecsEru cota- 
coideo-concretum . 
Fauilia 1,— Tardigrada. (Syn. Soantoria, Bradypodida.) 

Pedes longi, gcacilcB ; sntici plus minusve longiores: ntanibus di-vel 

tridactj-lis, poduiis ttidacty lis ; di^tia obvolutis, falculatui. 
Arcus zyg^omatiouB apertns. Cauda breTissima. 
Oek178 1, — Bradypus, Linn., Illig. (Syn. Adi»ut, F. Cuvier.) 
Gbnub 2. — Cholmpua, Llig. (Syn- Bradgput, F, Cut.) 
FahilM 2.— Oravigradaj (Syn. Eradieatoria, Megatheriida.) 
Pedes breres, foitissimi, squales aut mibequales : monibus penla-vcl 
tetradactylis, podariis tetra-Tel tridactylis ; digitia externis 1 aut 2, 
muticis ad auffultionem gressnmque idoneis, reliquis ^Iculatu. 
ArcuB Eygomatieuf clausOB. Claviculfe perfecta. Cauda mediocris, 
ctassa, fulciens. 
Genus 1. — Megaloujx, Jefieison, Cuv. (Syn, Megatherium, Desm., 
Fischet.) 
Bentes-^subelUpticifCoioDidemedUexcaTatiitiiargiiiibiuprominulis. 
Pedes ontioi longiotes. Tibia et fibula discretat. Calcaneum longum, 
compiessum, altum. Falculee magnte, compreaste. 
SPXCma. — Megalonyx, Jefieraoni, Cut. (Syn. Mtgatherivm J^trtoni, 

Deam-i Fiachei ; Mmalottgx laqueatu*, Ilsilan.* 
OsNtia 2.— Megatherium Cut. (Syn. Bradyput, Pandet et D'Alton.) 
Dentes —^ conUgui, tetragoni, corauide transrcnim sulcata. Manua 

tetmdactyli; podarii ttidnctyli, digitisduobusexteniis muticis. Fal~ 
cuke magnee, diTereifonnea ; medti dl^ti maximn, compreine. Feinuc 
capita integro ; tibia cum fibulft utrlque extiemitate coDOteta. Astra- 
galus pag^nA anttcft supra esCBvati. Calcaneum longuiD, cnisum. 
8P10IKB. — Megatherium, Cufieri, Desm. (Syn. Braigput gigantmu. 
Pander et D'Alton.) 

' The (p«cies la ruunded on foaalla {torn Big-bone Cave, Tenessee, deicribed in 
the Medical and Pby eical Seiearchea, p. 319-331. Ths nutbur doee not prove 
Qm ipedfic distinction of theie remains from the ittgalonyx JegtnwiiS (hvier. 

, Coot^lc 
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Givve 3.— MflodoD, Owen. {Utgakmst, Hsilan,* OtyetereiUeHuin, 
HftrlMi.)t 
Dentes ^ discreti, Baporioram nntlciu BubelUpticuB, e reliquia mOdtce 
temotua; secundiu ellipticuB ; reliqui trigoni pagini inteml mlcaU : 
infcrioram anticus ellipticiu ; penultimns tetragonus ; altiinus masi- 
mus, bilobatiis. Pedes Kiqaalca : monus pentadaotjli ; podarii telra- 
dactfli ; utrisque digitia duobus extemU muticis, reliqnis falculatia : 
fklculce magDK, EemiconicED, inEequalea. Caput femoris ligamenta 
totundo impresaum ; tibU et fibula diBoiette : Astiagalua.paginft as- 
tic& supro complanata: calcaneum lougum, craBsum. 
Sfkciks 1. — Mj-Iodon Doiwiali, 0. Maxilla inferior symphjSB longiorc 
aogustiore ; molaria secundus BubcllipticuB ; ulUmua bifulcalus, suica 
iDtcmo angulari. 
SfeCieB 2. — Mjl. Hariani, 0. (M^ahnyx lagaeatut, Harlan, Oryeler<t- 
tkertum MUiourieme, Harlan.) MaziUa inferior sjmpliyse brevioie, 
lalioie; motaris secundua Bubquadratuf ; ultimua trisulcatus, buIco 
intemo bi-angulari. 
Species 3. — 'MyX. Robostus, O. Maxilla inferior sympbyse breriore, 
latiore ; molaria secundua eubtrigonua ; uleimiu trisulcatua, sulco 
intemo rotunda to. 
Genus 4. — Scelidotberium, Owen. (S^n. Megalonyx, Lund.)^ 

SenteB ~ aut contigui aut intervallia Eequalibus discreti; auperiarea 
trigoni; anticus inferiorum trigonus, aecundus et tertlut subcom- 
preaauB, paginft extem& aulcatfi; nllimua maximuB, bilobatus. 
Caput femoriB ligamento tereti impreaaum ; tibia ct fibula discretes. 
AsttagaluB antico duabua excavationibua. Calcaneum longum, ctas- 
sum. Falculee magnn, aemiconicDe. 
Species — Bcelidotherium Leptocephalum, 0. 

Seel, Cuvieri, O. (Syn. Mfg. Cuvieri, Lund.) 
Seel, fiueklandi, 0. (Syn. Meg. Buckhndi, Lund.) 
SceL Minntuni, 0. (Sjin. Mig. Minutut, Lund.) 

• ThB lower jaw deiciibed by Dr HarUn, loc. dt p. 331-336. It is erro- 
neoOBly ascribed to the MegalonyB laqueatta. 

t Proceediiiga of tho American Ptailoeopbical Society, Vol. ii. So. SO, p. 100. 

{ I am in doubt whether the term Flatj/ongx, Bubeequently proposed by Dr 
Lund, be really intended to apply to the animDjg of the genus Setlidtitlitrmin, aaa- 
ing that the breadth of their claw-bones is eqoalled by the height, and vastly ex- 
ceeded by the length, of the same : it would be reiy detcriptlve of the broad 
ungual bones of the Glt/ftodori, and its congeners. 
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X>e»enption c/an Improved Lo»s SUde-Falve, ^e. 861 
Ornds 0,— Ccelodon, Lund. 

Dentea j^ 
Gbmts &— ^phenodon, Lnnd.* 



Description of an Improved Long Slide- Valve for Condensing 
Engines. By Mr John Maiton, F.R.S.S.A., Engineer, 
Leith. Communicated by the Royal Scottish Society of 
Arts. With a Plate.t 

The advantages of this valve are, — that it may be used 
without a steam-chest, while it has all the advantages of a 
long slide-valve in shortening the passages to the cylinder, it 
works with much less friction than the common long slide 
valve, the pressure being equalized, and is much less expen- 
sive, and easier upheld, than the packed valve. 

In fig. 1, Plate VIL, the piston is represented as de- 
scending in the cylinder, the vacuum being formed under 
the piston by the passage A through the valve towards the 
condenser, the steam being admitted above the piston by 
the induction passage B, the steam at the same time having 
access to die portion of the valve below at D, which tends to 
press the valve outwards from the cylinder, while the vacuura, 
acting on the inside of the valve E, draws it towards the cy- 
linder, the valve being so proportioned that the vacuum must 
so far overbalance the steam, that the valve will keep close 
to the cylinder, 

* Both thia genoi and Calodon, Lnnd, are indicated rather than mtisfitctoriljr 
eetabliahed. The teeth of the Sloth are first developed Id the form of hollow 
obtoEB conea, and do not aname the cjitndrical Ibrm Until worn down to the 
part which bu acquired, in the progress of growth, the normal thidineas ; and 
this is aTtenrards m^ntuned, without appreciable alteration, during the sabge- 
qnent nnintermpted growth of the tooth. The compreesed molan of the SeeUdo- 
theriam, whloli donbtloBn folloir the eame law of derelopment, would present in 
the jonns animal the form of hollow wedgeg ; and each I sospect to be the na- 
ture of those teeth, nhich are figured bj Dr Lund in tbe above-cited Danish 
Memoir, plate zviL figs. 6-10, and on which he has founded his genus f^enodmi,* 

t Itead before tlie Ito;al Scotti^ Society of Arts, 13th Mai^ 1843. 



* Oirni OB the Jfyfoilen roMimt, p- 1E8. 
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In fig. 2, the piston is at balf-strok«, Baeendi&g, and the 
position of the valve is reversed from that in fig. 1. 

Fig. 3 is a iront view and section of the valve. 

JoHK Maxton. 

Lim BMiHt-WoBBf, Md JatHorg IMS. 



General Coniiderationt regarding the FalaoKtology of South 
America compared milh tftat of Europe. By M. Alcide 
D'Orbiomt.* 

At the period when the gneiss system of rocks was being 
deposited beneath the hot oceans which must then have co- 
vered the globe, animal existence could not have hoea miua- 
taioed ; and accordingly, in these beds, no trace oi any ani- 
mals has ever been detected. We may even go further, and 
affirm that the earlier depodta of the Silarian system were 
still devoid of them, at least in the American seas. And, in 
fact, three-fourths of the predominating phylladian rooks, re- 
presenting the Silurian in the New World, are destitute of orr 
ganic remains — the earliest having appeared only towards the 
termination of that period. At that epoch, the Silurian ocean 
presented, in the southern hemisphere, an immense surface, 
whereupon there existed, as in Europe, different species of £*»- 
guia, Orthia, Caiymene, and Ataphut^ resembling in form those 
of the Old World, and identical with tJiem. The uniform dia- 
tributton of the species of this formation over all latitudes, 
from the torrid zone to the frozen regions of Russia, denotes a 
heat over the Burface of the globe, so strong, that it extin- 
guished the difi'erenoe of temperature which is now r^erable to 
the difference of latitude. 

Causes undoubtedly effecting new dislocations of the earth's 
crust, annihilated all the animals of the Silurian system ; and 
the strata which overwhelmed them were themselves covered 
with new deposits. To the muddy sands of the American Si- 
lurian strata, quartz sands succeeded. A distinct fanna arose 



• Then ComiDiBAiioKB are extracted fiom the Faleontological portitw, not 
r«t pnbliibed, of H- D'Orbignj'a Voj/agt dam t'^miriqiie ntrtdimude. 
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in tlie midat of the Devonian aeas ; and thia fanal^ oonsuting 
of Terebraluke, Spiriferg, anrl Orthes, exMbits features uialo- 
goue to that of the ajiimala of the EuropeaD aaaa of the ecune 
geologieol epoch. But this group of animala was onmhilated 
in ita turn, and the Devonian fauna disappeared from tiie bdf- 
faoe of the globe, after having existed for a ocnsiderable time, 
if we may venture to judge from the large [n-oportions of its 
beds. 

To the Devonian system suooeeded in America, a« ia En- 
rope, the ^eat aerioe of the oarboniferous strata. Then ap- 
peared a very varied marine fanna, in whioh, among the gene- 
ra Solarium, Natica, Peeten, Trigonia, Terebralula, Orthit, 
and Spirifer, that of Productut shewed itself more numerous 
and more peculiar to this formation than the others. Com- 
pared with those of Europe, these Amerioan species exhibit, 
not only the greatest analogy, but also identical epeeios, indi- 
cating a complete contemporaneity of existence. During the 
epoch of this carboniferous system, as much as during the Si- 
lurian, no difference of temperature waa attributable to lati- 
tude, inasmuch as the same bein^ lived simultaneously under 
the torrid zone and throughout the Polar seas. The central 
heat was still immense, and continued to neutralize all exter- 
nal influence. 

After a protracted continuance of the rich fauna of the 
carboniferous system, and of its still richer flora, when nu- 
merous palms and ferns adorned the Continent, whilst the 
countless products of its maritime fauna peopled the seas, na- 
ture again destroyed its own work. The animal and vege- 
table world was bnried under rocky beds by the appearaoce 
of the Chiquitian system, and the Triamc period commenced. 
If in America, as in Europe, the beds which were depo- 
sited, form on the one Continent, as on the other, identical 
slato-days and variegated sandstones, it is at least a curious 
circumstance, that in the New World we encounter only beds 
which are destitute of those numerous beings which exist in 
the strata of the Old. In explanation, it would be necessary 
to suppose, that during that period the Tria^sic seas of Ame- 
rica were somehow in less favourable circumstances ; possibly 
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at the bottom of some maritime basin, ^ere no Ai'mft^B could 
exist 

Fosterior to the Triasaio system, there commences in Europe 
a very long period, comprehending the Jura system, in which 
six formations, at least, often of great extent, succeed, all ex- 
hibitJng distinct faunas ; these are the Lias, the lower Oolite, 
the great Oolite, the Oxford, £imnieridge, and Portland 
deposits. We in vain seek for these extenaiye formations in 
America, and with difBoulty discover a trace of them in a 
small isolated locality. The question then very readily occurs, 
What has been the cause of the non-appearance of the Jura 
system I This, at first announcement, is a startling question. 
But if, for instance, we suppose that during this long period^ 
the Triassio system, forming perhaps a prolongation of the Bo- 
livian, and destined subsequently to support the Cretaceous 
system, was emerged, and formed Continents, we recognise a 
cause which may explain the want of the Jura syst^n in the 
New World. It would appear probable, that, durii^ the Jura 
formation. South America constituted a much larger Conti- 
nent than at present ; whilst, at the same time, for the expli- 
cation of existing facts, it is likewise necessary to suppose that, 
at the conclusion of the Jura deposits, numerous dislocations 
occurred in America from the sinking and immersion of these 
same Triaasic formations, because they then received the lowest 
formations of the succeeding epoch. 

The cretaceous formations now appeared on the crust of the 
globe ; and Nature, after having annihilated the previous fauna, 
repeopled it with animals, and animal life reappeared on the 
earth. Whilst, in Europe, numerous Ammonites and other Mol- 
lusca peopled tho ancient seas of the Paris basin and the Medi- 
terranean, belonging to the Neocomian period, these same seaa 
extended to the northern and western coasts of America, from 
Columbia to the Straits of Magellan, exhibiting species ap- 
proximating in form, and even identical in kind. In fact, not 
only do the Neocomian formations of Columbia afford fifty per 
cent, of species related in form to those of the Pans basin of 
this system, but no fewer than twenty per cent, of species quite 
identical are found simultaneously in Europe and in America. 
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On the contrary, the Neocomian foniiation ofthe Siraito of Ma- 
gellan exhibits analogies with tfae basin of the Mediterranean. 
However this may be, the Neocomian seas, with their mojlus- 
C0U8 animals, similar and identical, extended at the same time 
in the southern hemisphere, as far as the 54°, and in tho nor- 
thern from the 4° to the 48° of latitude, that is to say, to 
more than 2500 leagues in length, with a breadth of 75 de- 
grees, or more than 1800 leagaes. The laws which direct the 
ootnal geographical distribution of living beings upon the sur- 
face of our planet, always depend upon a complete unifor- 
mity of the conditions of existence and of temperature. Hence 
%ve ought, by comparison, to conclude that the simultaneous 
presence of the same species in the depths of the Neocomian 
aena of Columbia, of the Straits of Magellan, and of France, 
denote for this epoch, an unity of temperature throughout the 
different localities, which no longer exists at the present time, 
since Columbia is under the torrid zone, France is relatively a 
temperate country, and the region of the Straits of Magellan 
a very cold one. As regards tho Silurian and Devonian sys- 
tems, I have already directed attention to the agency of the 
central terrestrial heat which probably existed in those early 
periods in which living beings existed in the world. I havu 
also dwelt upon the same agency, as operating at a later period 
upon the Carboniferous system. The attention I' have' di- 
rected to the Jurassic deposits of Europe has not less satisBed 
me, by the existence of the Oxford beds, in every way iden- 
tical, in France and to the north of the Oural Mountains,* 
that the polar cold did not exist for about a half at least of 
the Jura period. To this I may now add, that I have reached 
the same conolusions with respect to tho newer cretaceous for- 
mations. It appears then certain, that, during the Neocomian 
formation, not only was the terrestrial heat sufficiently strong ' 
to counteract the influence of the latitude of the temperate 
regions, but also completely to annihilate the icy influence of 
the poles. 

• I have arrived &t this cariona rwult by the oompariaon of the rich foMll re- 
niuixB which MM. Murehieon and De Veraeull have dlBCovered In the Jura for- 
mation of Russia, and which they have enlnisted to me for eiamlnltion and 
publication. 
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The Neooomian formations are replaced in Europe by the 
Qaolt. Tbia member of the oretaceoua forma>tioB,* so much 
HlbfJivided, appears, to be quits wanting in America ; wbioh is 
not ^e oaw with the oblQritio ebalks, as a portion of them is 
found ip the Cordilloraa of Chili. But then, as I have satis&ed 
myself by comparisons, the Faunas, far from covering immeoae 
portions of the earth's sur&ioe, appear to be limited in their 
dietribution. They are divided more and more up to the ter- 
mination of the cretaoeoua system, which is marked in h me- 
rioa by the first relief of the Chilian system of the Cordillera«,t, 
aod by the Oanranian deposit,:t which ia its immediate re- 
sult. 

Nature, in fact, ceasing for a time to be in repose, the retreat 
of the materials again induced vast depressions in the west, 
whilst a line of dislocation, fifty degrees in length, ^ves origin 
to the eastern Cordilleras, therewith producing — as the result 
of the balancing of the waters upon the then emerged conti- 
nental and at the bottom of the maritime basins of America — 
ferrnginouB beds, which do not contain any trace of organized 
bodies. This is the commencement of the tertiary period, an 
epoch when mammals were yet unknown. A calm then pre- 
vailed, and the New World exhibited maritime basins and 
ommmecribed continents. After this there appeared, for the 
first time, numerone mammalia in the midst of a vigorous vege- 
tation, and the sea was inhabited by marine animals much 
more diversified than formerly in their fonns, but more ra- 
Btrictod in their feunos. The aame species were no longer to be 
found from one side of the globe to the other ; and the uni- 
form tempwature due to the central heat having lost much of 
its intensity, the prevailing races of beings were more ciroum- 
scribed, and composed, even under the same latitude, and at 
very inconsiderable distances from each other, local faunas, 
which were often distinct. This, at all events, is the state of 
matters which is found in the tertiary seas of South America, 
limited by a simple chain, that of the Cordilleras, which sepa- 
rates the fauna of the Pacific from that of the Atlantic. At 

• Bm FaUoMoiogit JVonjaiw {terraina Cremtii), t«m i, p. 460 and 039. 
t (Mologie ilu Vajagfi dmi I'AiD^riiiiM meridlooale, p. SIS. 
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the aame tfme, a great nomber of marine onlmalfl are to bo- 
found on both aides of the Cordilleras, inelading Tarions e^e- 
fliea of Bulla, Natioa, Fusuh, Rostellaria, OHtb, Ventu, Gf*-' 
dium, Area, Trigonia, and Peroa ; and the wood of the Oonl- 
fene, and the bones of the Hegam^e and the Tozod<Hi, were 
transported from the neighbonring continent Into both seas. 

Judging from the extent of these deposits, matters oontinned * 
for a very long time in this state in America ; whilst in Europe 
we find the tertiary formation also very thick, as in the Pwria 
basin, and there enveloping a great number of creatures, whieh 
constitute a distinct buna, althoagh, as in America, composed 
of species which are peculiar to hot climates. And if the seas 
continued for ^es, during which the contained animals under- 
went no change, the neighbouring continents were not less fa- 
voured. During this period, there existed in the New World, 
along with a vegetation which was admii-ably fitted to support 
them, euch mammalia as the Mastodons, the Megatherium, 
Megalonyx, Toxodons, and many other terrestrial animals dif- 
ferent from the fauna which had preceded, and not less bo 
from that which now exists. And the same phenomenon is ex- 
hibited in Europe : the Mftatodona, Tapirs, Rhinoceroses, Ele- 
phants, and all tho great animals which are now unknown, then 
inhabited our temperate and even cold regions. The world 
generally, although it did not support more of the same identical 
animal forma, did not the less present, and that everywhere, con- 
ditions as favourable for supporting animal life, along with a 
uniform distribution of beings which resembled each oth^ in 
their large size, and in the requiremonts of their existence. 

In the midst of the apparent repose of this active animaliza-' 
tion of the land and the waters, a fresh catastrophe oconrred. ' 
A new and considerable movement happened in the Chilian 
system. The Cordilleras acquired great additional elevation by 
the upraising and emergence, at the moment that the trachytic 
rocka appeared, of the bottom of the tertiary seas of the Pam- 
pas and the western coast. Not only would it appear that' 
the marine fauna was annihilated, but the impulse given to 
the waters of the ocean, moreover, invaded the continents 
sweeping all the animals along with them, depositing therewith 
terrestrial debris at all heights^ in the terrestrial basinB, and 
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dapeoiaUy in the immenBe dopreseion of the Pampas, which 
thus became the great sepulchre of the terrestrial fauna. It 
wa&,tbere also that the bones, or the entiro animals themselvee, 
when they were not floated away, were thrown into the clefts 
of the rocks, or into the deep caverns of Brazil. Were we to 
enquire what occurred in Europe at the same epoch, we might 
with probability associate with it the disappearance of the Ele- 
phiuits, Tapirs, Rhinoceroses, Mastodons, and other terres- 
trial animals of extinct races, which are found in the mud of 
La Bresse (analogous to that of the Pampas), under the tra- 
chy tic conglomerates of Auvergne, and those which later causes 
have brought to the surface of the European soil. Such being 
tlie case, the compound faunas of the great animals of the ex-, 
tinot races mnst have sinmltaneoualy inhabited the old and 
new world ; and their destruction in both these great localities 
must have arisen from the same cause, namely, the action of 
one of the upraisings of the Cordilleras. 

After this catastrophe, the globe probably remained for a 
I<M)g time inactive, before the great Almighty Power agwn 
clothed it afresh with the vegetable an<l animal existences 
which cover it at present, crowning his wwiderful work by 
forming man, and making him lord of this lower wtnld. At 
all events, it appears clear that if there have since been any 
partial movements at the surface of the globe, none has been 
sufficiently powerful to destroy the prevailing fauna. The tra- 
dition of a deluge, which is preserved by every nation under 
heaven, from the most civilized in Europe to the still half 
savage American, whether in the forests or on the heights of 
the Cordilleras, seems to be nothing more than the faint re- 
collections of those general causes which, by the outbreak of 
vast voIcanoB, induced the last great changes on the surface of 
our globe. In America, at all events, these changes are most 
marked ; and we must attribute to them the transport above 
the present level of the ocean, of the fossil shells upon both 
the eastern and western sides of South America, and especially 
of the shells of the Pampas, which consist of none others than 
those species which are at present inhabiting the neighbouring 
seas. It is to this mqyement also that wo must attribute those 
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modern submersions of different extents, whose mamfest trae^ 
are every where to be found upon the diluvian formations of 
the new world. In the old world, also, they also show them- 
selves in innumerable localities. Of this the oyster-beds of St 
Michel- en-rHerm are a proof, as likewise those changes in 
the lerel of the modern beds of the quaternary system of the 
north of Europe. Thus, both in America and in Europe, iu 
the later efiects, as in the earlier, we poroeive a great coinci- 
dence, both in the causes and in the results. 

COKCLUSIOHS. 

From the comparison of the PalGeontologic^ facts which 
have been observed in the New World and in Europe, we may 
deduce oonclusions of immense importance for the solution of 
the groat genera) questions of geology, and of the chronological 
history of the animated worlds at ^o surface of the globe. 
The conclusions are as follows: — 

1. Living beings, taken as a whole, have, according to the 
chronological order of the faunas peculiar to the fonnatioup, 
advanced, both in America and in Europe, from the more' 
simple to the more compound. Many genera, it in troe, like 
the Trilobites, Orthoceratites, and Produoti, have completely 
disappeared with the more ancient systems ; others, appearing at 
a later period, the Ammonites, Belemnites, Tnrrilites, &o., &c., 
have also become extinct with the completion of the cretaceous 
fommtions; but the genera, multiplying more and more in 
proportion as they receded front the primeval ages of the world, 
have been replaced, during the tertiary period, by Mammalia 
more perfect in their organization, and by marine and terres- 
trial animal forms which were previously unknown, and many 
of which are represented in the existing fauna- 

2. As no transition can be detected in the specific forma, 
the living beings at the surface of the globe appear to hare 
succeeded each other, not by transition from one into another, 
but by tbo extinction of the existing races, and by the new 
creation of species at each geological epoch. 

3. The animals are distributed by zones, according to the 
geological epochs. Each of these epochs, in foot, represents 
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at the surface of the globe, a fauna, whicli is distinct, but 
Identical in its compoBition. Thug the Silurian, the Devoittan, 
the Carboniferous, Trielssio, Cretaceous, Tertiarr> ^■^'^ Diluviaa 
formations, are the same in America as in Europe, and pre- 
serve the same palaeontologieal/flcie*, the same generic forms, 

4. Not only is there the same faciei in the extinct fauna 
of the Old and New World, but some identical species oom- 
xaoa to both, moreoTor prove, that they were quite contempo- 
raneous. 

d. This contemporary existence which is observed at im- 
mense distances, in the early periods of animalizatlon, and 
down to the epoch in which the lower cretaceous formations 
Were deposited, appears to depend Upon the prevalence of a 
uniform tompcrftture, and on the shallowness of the oceans, 
which alloWcd the living beings not only to enjoy completely 
the influeDco of the external light, a condition quite indis- 
pensable to their existence, but also to propagate and spread 
without obstacle, from one locality to another, — circumstances 
which could no longer occur when, through the influence of 
inequality of temperature, the cooling of the earth on the one 
hand, and the elevation of the various systems ort the other, 
together with the corresponding depression of the oceans, many 
insuperable barriers were presently occasioned to their spread- 
ing either along the coasts, or In extensive sedimentary de- 
posits. It is then apparent, that the uniformity of the distribu- 
tion of the first living beings which flourished upon the globe, 
was owing^as much to the equality of temperature produced by 
the central heat, as to the shallowness of the seas ; whilst the 
subdivision of faunas, as we approach the present period, by 
basins, which become more and more confined, arises from the 
refrigeration of the earth, from the existence of terrestrial and 
marine barriers, which presented obstacles to the extcnidon of 
local faunsts. 

6. If faunas are found to have the same points of separa- 
tion in the New and Old World, and if they agree in the 
same marked limits as to their palsontological composition, 
tb^n we must naturally conclude, that the divisions of forma- 
tions do not depend upon partial causes, but must have pro- 
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needed ftom general ones, whose iaRuence has extended over 
the whole globe. 

7- After the examination of the great geological faota of the 
Tfevt World, these general eauaes, I conceire, majr easily be 
apprehended. In the last elevation of the Cordilleras, alld 
in the distribution of the fauna which has resulted thercfrotn, 
we may from analogy oonelude, that the annhilatiob of the 
&nnas, partial or complete, peouliar to each period or fbrtna^ 
tion, always results from the amount of the dislocations at the 
surface of the globe, caused by the retreat of matters resnlt- 
ing from the cooling down of the central parts of the earth, 
and from the disturbance which these dislocations produced. 
A system like that of the Andes, for example, 50° in length, 
of which we form our judgment from its height above the sur- 
face, without dwelling upon the corresponding extent of ite 
sinking and depression in the depths of the ocean, must have 
-produced such a cotamotion in the water, from the displace- 
ment of matter, that its effect must have been unJveTBal both 
over sea and land. The latter must have been ravaged by the 
removal of all terrestrial beings ; and the former, by the trans- 
port of terrestrial debris, which must have suffocated not only 
tho animals desporting in the wide ocean, but also those Which 
wero sedentary add on the coasts, by the deposit with which 
they must have been covered. This explains at onbe the sepa- 
ration of fossils into systems, and the separate exthidtion of 
these, at each great geological formation. 

8. M. Elie de Beaumont has thrown out the sublime idea, 
that the conclusion of each geological period was invariably 
produced by the elev&tlon of the differebt systems which fur- 
row the surfhce Of the globe. It will be observed, that the 
several paleeontologiCal results observed in the New and Old 
World, would entirely corroborate this opinion; thai, more- 
over, the results of these dislocations being so general through- 
out the globe, and maoifestlng theniselves at immense 
distances, we ought to Inqtilfe, in these systems, ancient or 
modern, for the causes of the annihilation of the numerous 
fauna which have succeeded each other on the surface of our 
planet. When in the neighbourhood of the localities in which 
we now find these distinct faunas, notbiiig can he found in the 
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c^steBis explanstoiy of the phflnomena, we must then seek for 
this explanation in more distant parts, at points stiU unknown to 
soienoe ; or suppose, that if those terrestrial systems have not 
been the re^ cause, some may have been destroyed by great 
subsidences and depressions. It is not to be forgotten, that 
the terrestrial systems constitute only the viuble parts of the 
dislocations of the globe ; whilst the depressed portion, often 
the greatw of the two, being frequently covered up, is un- 
known to us, and may always continue so. In a word, the 
separation of distinct faunas by systems and formations, is 
only the viuble result of the elevation and depression, to 
various extents, of the crust of the globe in all its parts. 

9. I have already directed attention to the fact, that, from 
the uniform distribntiou of the same animals, it follows, that, 
until the commencement of the crotaceous formations, the 
central heat of the earth completely destroyed the influence 
of latitude, and of the polar cold. If at that time atmos- 
pheric inflaence had no effect upon the distribution of ani- 
mals on the onrface of the globe, all the faunas must neces- 
sarily have owed their oircumscribed limits to great disloca- 
tions of the globe. It was only posterior to the cretaceous 
deposits, that the influences of latitude could have compli- 
oated the partitiou of basins, multiplied the local faonas, and 
destroyed that uniformity of distribution, which we still find 
in more ancient formations.* 



On Sigillaria, SUgmaria, and Neuropteria. 

Id out next Nnmberi we expect to pablifh a raluable paper on these 
fossils, hy Mt Ein^f, tha CimCor of tbo Newcastle Museum, who for 
some lime past has been more or less engaged in endeavouriog' to prove 
that they arc different parte of one and the same plant. 

The following is a guromaiy of the principal conclusions contained in 
the paper, t 

Owing to tbe bark of StgUlaria being composed of two different ]aj>en 
of tissucj it is shewn, that six different impresuons maj be prodnced ; 

• From the dimakt dei Sden. llatwr. Mai et Join, 1843. 

t X portion of the paper conBlgls of an atntract of M. Adolphe Brongaiart's 
" Obeervations aur la atrocture inlerieura du Si^illaHa tkgant compBrfe i celle 
dea Lepidodatdron et dea Stiffmaria ct £ celle das v^g^taui TiTsnta," 
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this, to^tim with the drcumBtuicea of one indrridtuJ stem having itg 
ribs wide at the base, as in S, remformU, and narrow at the top, us in 
S, paehi/derma, and the petiole Bean in oloie contact, as in Favilaria tei~ 
leliata (Fossil Flota, pi. 75), it is muntained, has led to the establish- 
ment of a number of factitJous species, and even genera. 

Respecting the Anted character of SigilUma, the opinion is advanced, 
that it is due to a peculiar arrangement of the leaves on the stem, or, in 
other words, that it arises from & slightmodificaCion of the lawrriiicb pro- 
duces the rude clionnellings on joung branches of some Cooifors, rather 
than to the cause which produces the more obvious fiirrows of certain 
Cactuses, if, as Brongniart appears to think, the furrows of the latter plants 
result from the corresponding character on their ligneous cylinder. 

In working out the foliage of this plant, an examination b first made 
of the various leaves which have been found in the coal-measnres. Of 
these, it is concluded, that Pecopterit and Stnr^pttTii, the one or the other, 
from their abnndance and other circumstances, possess the strongest 
claims to be considered as having belonged to Sigillaria. The inqairj is 
next entered upon as to which of these fossils is the one to be so corre- 
lated ; an inquiry which, it will be evident, ought to be influenced, to a 
certain extent, by the discovery of Brongniart, that SigiUaria is allied both 
to the Ferns and to the Cycases, because, it seems to follow, that if the 
trunk shewed its situation to be intermediate to the last two tribes, so 
the leaves should possess the like character. Now, as Peeopterii is « 
normal fern, and Nearopterii an abnormal one, in some respects, and as 
the last bears the closest affinity to OdontopterU, a genus which gradually 
conductsnstotboCycadeoustype, that is, of the Jurassic period — through 
certun species of Oiopterit, the conclusion is drawn, that Neuroptcru con- 
stituted the foliage of SigiUaria, Tliis toferenee, it is maintained, is fur- 
ther supported by the relative geological ages of these follaceous rem^s. 

Respec^g the root of SigiUaria, this is sfaevrn to be StigmaHa.* 

By on examination of the dome-shaped tpedmen figured in the preface 
to the 2d vol. of the Fossil Flora (P. xiii.), and preserved in the New- 
castle Museum, the error is corrected, that it exhibits " the upper sur- 



* Mr Eiag anDDunced this opinion at a msetli^ of tho Natnnd History So- 
ciety of Northninberliuid, Doriiam, and Newcaatle-Dpon-Tyne, on May S3, 
1842 (vidt Literary nuett«, 1842, p. 436); and In May IT, 1841, prerioiuly 
to enunining all the evldenoe bearing upon the qneation, he read an accoont of 
a Bpedmen of Sigillaria, belonging to the Nswcaatle MoMnm, and adverted st the 
same time to some characters occnrringon the base of this foMil, " oppiU'eDtly 
leading tu the concluuon, that Samaria is the root of Sigillaria." 

From a notice In the AthenieiiDi of Aagut 30, p. 779, it appears that Mr 
Klag'g opinion has been completely confirmed bj the discovery of Mr Bioocy 
of an upri^t SiffSlaria, nine feet high, in the coal Btrata at 6t HeleD'a, near 
Livetjioel, having the roots remaining, which are the undoubted Stigmaria 
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face of the central portion'' of a StigmaHa; on the Gontraiy, It is sfaeim 
to be, at leest the crown, ffietely the ImpFeGdoa of the under stufilce of 
the fossil, in ahort, that It ia notlliiig' more than a convex mass of bar 
dened mud Answering to the under aide or concnTity of a root. 

We will now proceed to ^ve a brief view of the principal evidences 
which baTc led to the opinion that 8tigmaHa is a root, and that it belongs 
lo Sigillaria. 

First, the correspondency of the sinuous lines on the crown of the 
above dome-shaped Bpetimen, with those obsefrable on the under aide of 
the root-fitoci of a BigillaTia 'm the Newcastle Museum; second, the 
eorcespondeney of two furroivs placed at right angles to each other, 
observable on the under side or coiKavity of the root etock on two speci- 
mens of Sigillaria, with the Hdgct seen on the prown or convexity of the 
dome-shaped specimen ; third, the root-lil;e fonu of perfect speei- 
mens of Stigmaria; fourth, the position of the external appendages 
of the last Bpccimens, which is such, that they must have penetrated the 
now consolidated mud in which tbej are imbedded, as shewn bj Stein- 
bauer and Button : Sfth, the resemblance of the furrows on the origins of 
the branches of Stigmaria with those on the base of Sigillaria, thcteby 
shewing the one to be a continuation of the other; sixth, the similarity 
between the internal structure of Sigillaria and Sligmaric* 

Some points connected with the Internal structure of Sligmaria aio 
alluded to, and It is shewn that the large intercellular spaces which cha- 
racterize the ligneous cylinder of this plant, are not true " great medul- 
lary rays," as has been generally supposed, but openings which served 
for the passing out of the cords from the Tascular system into the ex- 
ternal appendages, and analogous to what Is observable in Andbat/ii-a 
and Lepidodendron. Borne additional information as to the internal stlruc- 
ture of these latter fossils is given as derived from the esamination of a 
number of sections. 

Certain objections which have been urged against Stigmaria being a 
root, are next considered, — especially the Bpira,l arrangement of the 
appendages, and the presence of a pith ; but the force of these objec- 
tions, it is contended, Is considerably diminished if we look upon this 
fossil as combining the form of a true Radia with the characters of a 
Ehiioma, — at lea^t in such of the Ifttter as exhibit, in the regulal' arrange- 
ment of their fibrils, and in their anatomy, but little diflWenee from what 
obtains in the stem. 

Respecting the situation of SigiilaHa, in the vegetable kingdom, al- 
though its cycadeous character is fully admitted with Brongniart, the 
probability of its being related to the Angiospermoua Dicotyledons as 
supposed by this learned bofaliiBt, is shewn to be somewhat remote; 



• From this timilarily, H, Bron|;niBrt was l«d te suppoM that BOgmaria 
would turn out to be the root of Sigillaria. 
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tte pTosatnptive evidence iti fovouf of if>uro|>iert(haTiagbeeiiitsfollftg«j 
it ia mNntained, so far invalidates this auppoittioD, and the intenid 
BtructuTe is eonaidered Ut involve a powerful argumoct againBt it, inaa- 
mucb as the medullary sheath of S. elegant, appears to he the analogue 
of the regularly-netted cylinder of vascular tissue of aome ferns [e.g. 
Aipidiam Filix-mai). Accordingly, it Is argued that the stem of tliia 
EpecieB has the radially arranged ligneous zone of the Cycases super- 
added to the vascular net-work of certain Ferna. The genus SigiUaria is 
therefore concluded to be essentially inl«miediate to the Vascular Cryp- 
togams and the Cycadeous Gymnosperms. 



On. the Chemical C(mstitution of PhiUpsite or Lime Harmotome, 
By Akthuh Conmell, Eaq., F.R.S.E., Professor of Chemis- 
try in the United College and University of St Andrews: 
Communicated by the Author. 

The late researches of Kohler* appear to be sufficient to 
shew that the constitution of the barytic and lime harmotome 
cannot be expressed by the same chemical formula, on substi- 
tuting lime for barytes. This conclusion follows principally 
from his analysis of the barytic species, because that ex- 
amination shews a complete conformity in the results of the 
analysis of that species from three different localities ; 
whereas the previous analyses differed materially from one 
another ; my own, of the barytic harmotome of Strontiant 
being the only one in nearly perfect accordance with Kohler's 
result. We may therefore probably take the formula pro- 
posed by Kohler, 2|^lS'-i-7AS^+12 Aq. as representing 
the constitution of the barytic mineral. 

The exact constitution of the lime species is, however, not 
so clear. The analysis of the lime harmotome of Marburg 
and Kassel, given by Kohler, differs considerably from those 
published by Gmelin and Hepel,| of this mineral, from the 
former of these localities ; the oxygen of the one-atomed bases, 
according to the first of these chemists, being 2.56, and, ac- 
cording to the others, in one instance, 2.88, and in another. 
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3.13, — difiereaces vritich, as the amonnt of the other consti- 
tuents is much the same in all the cases, reader it scarcely 
posnble to represent all the results by the same formula. 

It therefore appears to me that this part of the subject 
affords room for farther invegtigatioD ; and as a contribution 
to that end, an analysis of the Philipsite or lime-harmotome of 
the Giant's Causeway will perh^s not be unacceptable. 

The specimen examined was tn well-sized white and trans- 
lucent twin crystals of the ordinary hormotome form. Their 
sp, gr. was found to be 2,17, at 61°. 

A portion of the crystals lost by ignition 16.96 percent, of 
water. 

20 grains in fine powder were treated with strong muriatic 
acid, when immediate gelatinizatJon took place ; and, b; the 
usual steps of analysis, there were obtained, — 





Silica, 




9.47 






Alumina, 




4.36 






Lime, 




0.97 






Potash, 




1.11 






Soda, . 




0.74 
16.6« 




100 parts,- 


- 






Oijgtn. 


SiUca, 




47.3fl 




24.83 8 


Alumina 




21.80 




10.18 3 


Lime, . 




4.83 


1.36 


1 


PotMli, 




6M 


.n 


- 3.24 1 


Soda, . 




3.7 


M 


1 


Water, 




16.96 




1S.07 4i 



This would give the formula 2 K | S* + 6 AS* + 9 Aq. 



This result differs materially in regard to the amount of 
the oue-atomed bases from those of Kbhlcr, and approaches 
more nearly to those of Gmelin and Hcpel, particularly to one 
of their results ; the proportion of the oxygen in which in- 
stance, will admit of being expressed by the above numbers, 
almost as well as by any others, or at least will thus yield the 

n,g,t,7l.dM,GOOglC 



Proeeedingi of the Sc^ai SeoUiih fJoctelj/ of Art: 377 
most admissible formnla. These chemists found 4n the case 
alluded to — 

SUica, . tf.OS 25.03 

Alumina, . 22.60 10.3 

Ume, . e.S6 1.84 ^ 

Potaah, . 7J0 1.27 [ 3.13 
Protox. of inm, .18 .02 ' 

Water, . lfi.75 14.88 

100.61 

Considering, however, that the other analyses of Philipsite, 
by Kbhler and Gmelin and Hepel, can hardly be brought within 
this formola, I should by no means be inclined to give it as 
one which may be adopted with perfect certainty. 

The presence of soda which has not been previously ob- 
served in this mineral, was clearly ascertained, as it also was 
in the previous instance of the barytic harmotome of Stron- 
tian, although in much less quantity. Indeed, I have i-eason 
to believe, that the presence of a portion of this alkali in mi~ 
nerals, usually regarded as containing potash only, is much 
more frequent than is commonly supposed. 

If we assume what it would seem can now hardly be doubt- 
ed, that there is an essential atomic difference in the chemical 
constitution of the two spedes, we shall of course be prepared 
to expect that the measurements of the angles will also pre- 
sent differences, although the general form of the crystals 
may be similar in the two cases ; and the ordinary opinion of 
crystallographers appears to bo in favour of the existence of 
such differences. 



Proceedings of the Moyal Scottish Society of Aria, 
(Cootmned fVom YoL mliL, jil 414.) 

14/A March 1842.— Sir John Robison, K.H., President, in 
the Chair. The following Communications were made : — 

1. Fort Thiid of Ur George Qlorec's conmianicatjoiis on Drowniiig, and 
Dbservations on the best means of Beenscitation, bdng the principles of 
Fnenmatics applied irith a Tiew to improve the apparatus emplojredbjr Hn- 
maae Societies for ^odndng Artificial Beapiration, and en iuveltigatton 
of the Pneumatic Laws involved in tho operation. Xhanlu voted. (SM.) 
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iSx Otover wu requeitad to fiim)«l)'>u> Atialnct i>f PnutiMt BbIsc 
nnd Directions for Saving from Drowning, and restoring Saepenijfi^ Aaima- 

2. Burden's Amariean Shingling Haeliine, used instead of the Tilt-Ham- 
mer, for sqneezing Uie blooms, or pn^Rria^ iron for lolling, was described 
by Laurence HiD, Esq. C, £., Olasgow, FJL.SS.A.. A working Model 
and Drawing were esbibited snd preseiil«d to the 6ociet;> Thanks voted. 
(851.) 

3. Description of f new Erotracting Table for laying down extensive 
fitlrve^B, constructed on the principles of ibe one fiff which he obtained a 
premium from the Society some years sgo, By George Buchanan, Esq, 
F.B,S.E., F.B.S.&A- civil engiBeer, Edinbuirgh. The Tabla was exhibited. 
Thanlts voted. To be printed in the Transsctiaus, ^7''') 

4. Description, with a Drawing, of a Boring Mschine for baring Ai'te- 
sian Wells. By Mr Bobcit S. Bum, i Tobago Street, Edmburgh. Re- 
ferred to a committee, ((132.) 

6. Notice of an improved Bain-Oauge. By Thomas Stevenson, Esq. civil 
engineer; Edinbu^h. Thanks voted. To be printed in the I^ansactions 
(B37.) 

PRIVATE BUSINESS. 

I. The following Candidates were elected Fellows, viz. : — 

1. Hamilton Pyper, Esq. advocate, Boyal Crescent. 

2. Archibald Dymock, H.D. 19 Pitt Street. 

3. John Bichardson, Esq. W.S. 21 Fitt Street. 

4. John Uunay, Esq. S-l Ainslie Place. 

26tk March 1B42.— John Shank More, Esq. P.R.8,E., Viee- 
Preeident, in the Chair. 
The following Commanications were then made : — 

1. The Lime Light was exhibited, and its application to the Oxyhydro- 
gen Microscope sliown by various arrangements of Lenses. By Hr Thomas 
Davidson, F.KS.S.A., Optician, Edinburgh. Thanks voted. (893.) 

2. The Report of the Committee on Mr Tule's Expanding Screw-Tap, 
Drill, and Mandrill, was read and approved of. Ur Milne, Convener. The 
tools nere exhibited, and also Mr Hick's Expanding Mandrill. (820.) 

3. Brockedon's Patent Stoppers for using in place of Corks were exbibited 
by Mr James Dowie, bootmaker, London and Edinburgh, F.B.S.S.A. 
Thanks voted. (890.) 

4. On the comparative Evaporative Power of Coal and Coke. By Andrew 
Fyfe,BI.D.,F.H.S.E., F.B.8.aA. Thanks voted, and ordered to be ^tod 
in the Transactions. (871.) 

6. Description of a Self-acting Feeder for St«am-Boilcrs. By Mr Andrew 
Carrick, 107 Buchanan Street, Glasgow. A model_waB exhitnted. Re- 
ferred to & Committee. (859.) 

6. A Box with Types so formed sa to enable the Blind to commit their 
llioughU to Writing, capable of being easily road either by tfaeae who see or ' 
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thfwe who are blind, vaa exhibited. By John Alston, Eeq. of BoBenioBst., 
Oltugow, Hon. U.B.S.S.A. Thanks voted. (860.) 

PRIVATE BUSINESS. 

I. The following Can^dateswere balloted for, and elected 
as Fellows, viz :— 

1. Mr John Neil, brassfonnder and gaeflUer, 10 Q«orge Street. 

2. James Denham, Eg^. Assistant- Clerk of Session, S West Lauiiston 
Lane. 

IICA April 1842.— John Shank More, Esq., F.R.S Jl., Viee- 
FreEidentjin the Chair. The following Communications were 
made : — 

1. On the Action of WatM on Lead. By Professor ChrislJson, P.E.&E. 

2. AnexperimentalElectro-dynamicApparatns. By George Olover, Esq., 
F.B.S.S.A., Lecturer en Naloial Fhiloeophy, Edinbutgh. The Apparatus 
was exhibited in action. Thanks voted. (891.) 

3. Hr Oeorge Tait, advocate, F.R.S.8.A., described the manner in which 
the efiect of fog coming on or going off ia produced in a Portable Diorama 
cmstrDCled by him, which wb< exhibited to the Society in November last. 
The Diorama was exhibited in operation, inianks voted, and abstract to be 
printed. (894.) 

4. Description, withaDravingjOf a Self-acting Damper for regulating the 
draught of Furnaces. By Mr Robert 8. Bum, engineer, 4 Tobago Street 
Edinburgh. Beferred to a Committee. (886.) 

6. SnggestionB, with a Drawing, of an Enclosed QBsLastie,calcalaledfof 
better ventilation. By the Rev. James Srodie of Uonimul, Asaociate B.S-8. 
Arts. Referred to a Committee. (883-) 

C. The Committee on making the anangemenU for the proposed Exposi- 
tion of Electro-Magnetiam by Di Fyfe, for the benefit of Mr Davidson, St 
Andrew Square, reported- Captain Donaldson Boswall, Convener. 

25/A ^;)m7 1842.— John Shank More, Esq., Vice-President, 
in the Chair. 

After the minutes were read and approved of, the thanks of 
tlie Society were, on the motion of James L'Amy, Esq., una- 
nimouslj' voted to Dr Fyfe, for the excellent exposition of 
Electro -Magnetism, lately given by him at the request of the 
Society ; which were given to Dr Fyfe from' the CJiair. The 
following Communications were then made : — 

1. On the Consumption of Smoke and Economy of Fuel by the use of 
Stcnm, in the patent process of Ivison. By Andrew Fyfe, M.D,, P.R.S, P., 
F.R.S.S.A. 

2, Description, with Drawing, of a new Water-whei^I. By Hi James 
Wight, Hosaget of the Water of Leith Mills. A wi»king Modal waa ex- 
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hibited. In tliis vheel tke bnckete are not fixed to the pecipfaer; of the 
ivheel, bnt hang loosely on it la a chtun, and thus rotain the water logger, 
and consequent]]' are said to give moie power. Jtefcrred to a Commitloe. 
(878.) , 

3. Deseription of a Joiner's Cramp for laying flooring. Invented by 
Mr John Liddell, Barensworth Castle, Yorkshire, Commonicaled by Mc 
James Hilne, F.R.S,S.A. The tool was exhibited and presented to the 
Society, and its method of operation shown, Beferred to a Committee. 
(301.) 

4. Letter from Sir J. Kahison, K.H„ President R.S.S. Arts, telntivo to 
the Disc Engine, Button Shank Machine, TcssqIk and Tiles, Apparatus 
for Distilling Ses-Water, and Electro-Magnetic Power. Tlinnks voted. 
(903.) 

9/A May 1842. — Sir John Robison, K.H., President, in tHe 
Chair, The following commanications were made :— 

X. On Stone and Wooden Pavements, By Mr D, T. Hope, F,R,S.S.A„ 
engineer, Liverpool. B£odels and Drawings were exhibited. Referred to 
ft Committee. (862,) 

5. Description of " Venetian Pavement" for Halls, Canservateries, &c., 
made in Edinburgh under the direction of C. H. Wilson, Esq., A.B.S.A., 
F.H.S.S.A,, architect, Edinburgh, Two specimens were exhibited. Re- 
ferred to a Commiltee. (803.) 

This flooring is formed of a mixture of Boman cement (in place of Poz- 
zolano, which is used in Italy), and lime, with small pieces of broken 
marble of different coIoutb, strewed over the moss while still wet. The 
marble is beat down to a level, and after the mass hag become dry, the 
surface is brought to a beautiful palish with oil, very much resembling 
granite. The colour depends very much on the kinds of marble employed, 
and the whole forms a hard and solid floor, three or four inches thick, 
without crack or scam. The expense, it was stated, would be nearly the 
Siune as Arbroath pavement. 

3, A Paddle-Whecl of a new construction in rognrd to the distribution 
of the Floats. By Mr Andrew Carrick, 107 Buchanan Street, Glasgow. 
A model was exhibited. Referred to a Committee, (858.) 

The Reports of the following Committees were read and 
approved of, viz, : — 

1. On Mr Tnle's Compensation-Governor. Mr Slight, Convener, (B19.) 

8, On Mr M. Patersbn's Scotch Ultramarine, Mr Wilson, Convener. 
(828.) 

3. On Mr Bum's Boring Machine, Mr Slight, Convener. (833.) 

4. On Rev. J. Brodie's suggestions for an enclosed Oas Burner. Mr 
Milne, Convener, (833,] 

13/A June 1842.— Sir John Robiaon, K.H., President, in the 
Chair. The following Communications were naade :-— 
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1. An appsTBtns to he occasionally attached to a Tnming-Lathe with a 
Bhoit elide, Co fit it for ciittiog Screws of the whole length of the bed of the 
Lathe, was exhibited by Sir John Robison, K.H.i F.B.S.E., FJUS.S.A. 
Thanks voted to Sir John, trho was requested to give a written det^qi- 
tion to be printed. Referred to a Committee. (^\ 

Sir John Robison sabmitted to the meeting this apparatus, which being 
attached to a slide-rest lathe, fitted it for catting screws of a conaideiable 
variety of pitches, and of any lei^th the lathe could take in. 

The apparatus differed from the nsaal constnictiona in having only fonr 
pairs of toothed wheels, and in only one pair being ased at a time, thoa 
doing away the risk of error by the introduction of wrong intermedialog. 
Another variation from the ordinary constructions appeared in the mode of 
connecting the leading screw of the slide-rest with tho wheel-work, which 
was in this case effected by a square rod sliding in a tube, and adjustable 
at any required longth; the connection was terminated at each end by an 
univeraal joint, by means of which the cutler- holder of the rest was ftee 
to advance and retreat sufficiently for executing the work. 

Sir John explained, that, by limiting the nnmher of change-wheels to 
four pairs, a considerable simplification is obtained; while, as the four 
pairs afford seven permutations (as either wheel of each pair maybe made 
the driver) a sufficient variety of pitches far all the ordinary wants of the 
workshop may be obtained by a few changes of leading screws in the ap-. 
paratns on the table ; the addition of a leading screw of 1 turns, and one 
of 36 turns per inch to the ordinary screw of the rest (which has 12 turns) 
gives 21 pitches, varying from 3^ turns to 108 turns per inch — and these 
pitches may be either of right or leA hand threads. 

2. Sir John Robison also exhibited specimens of Sheet-Olass (white 
and coloured), perfectly flat, and without cockle or wrinkles ; from llessis 
Chance's glass-works, Birmingham. Thanks voted. (^\ 

3. A Working Model of his Patent (Piston) Botary Steam-Engine was 
exhibited in action. By Charles Cameron, Esq. F.KS.S.A. Thanks voted. 

(?) 

4. Specimens of a Bitaminous Substance found in crevices where n 
Dike occurs in the sandstone of Binny Quarry, and of Candles made ftrom 
it, were exhibited. By Mr "William Hogg, quarrier, Uphall. Thanks 
TOted. i^\ 

6, Sir John Bobison exhibited a Model of Wood Faring, now being 
tried in Paris, made from smAll trees. Thanks voted. t^\ 

Tho following Reports of Committees were read and ap- 
proved of, viz. — 
1, On Mr Meikle's Mutod Clarionet. Mr B. Huntor, Convener. (844.) 
2 On Mr Maxton's Stopper for Winding-Engines. Mr D. Slerenton, 
Convener. (835.) 
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5. On Hr BobMtKnt'i Signals for Bailwap. Hr Sligjit, Convener, 

4. On Hr Canriok's Belf-ncting Feeder for Boilers. Hr B. Hnnter, 
CoareanT. (869.) 
8. On Ht Barn's Sttlf-acting Damper, Ur Steele, Cenrener. (886.) 

6. On Hr Wight's neir Water- Wheel. Hr Olorer, Convener. (878.) 

7. On Mr Hope's Stone and Wooden Parement. Mr B. Hunter, Con- 
vener. (383.) 

The foUoinng Reports of Committees not being ready, were 
ordered to be lodged with the Secretary in the course of a 
month, and to be laid by him before the Prize Committee, 
viz.: — 

1, On Mr Thomson's Tilling Apparotns. Mr D. Stevenson, Convener. 
(840.) 

2, On Mr Davidson's improvements on the Solar and Oxirb^drogen Mi- 
croscope, &c. Mr D, StevenEon, Convener. (857.) 

3, On Mr Liddel's Joiner's Flooring Crump. Mr Black, Convener. 
(901.) 

4, On Hr Wilson's Imitation of Venetian Pavement. Mr B. Brown, 
Convener. (893.) 

5, On Hr Carrick's Paddle-WheeJ. Hr Olover, Convener. (858.) 

IAbI of Prizet of thfi Royal SeotHxh Society of Aria for 
Session 1843-44. 
The RoTAL Scottish Society or Arts proposes- to award 
Honorary Medals, and Fecimiary Prizes, for approved Com- 
munications. 

2^0 Prize to exceed Tkiriy Sovere^nt. 
Tha attention of the Fellows and of the Public is directed to 
InventionB, Discoveries, and Improvements in the Mechanical and 
Chemical Arts in general, and also to meana by which the Natural 
Productions of the Country may be made more available ; and in 
particular to, — 

1. Ikvbhtioxs, Discoveries, and New Processes in the Useful 

Arts. 
S. Intihtiohs, ProcCHses, or Practices from Foreign Coantriea, 
not generally known or adopted in Great Britian. 

3. Notices of Processes in the Useful Arts actually practised in 
this Country, but not generally known. 

4. ilxFSRiHENTS aj^licablo to the Useful Arts. 
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6. Practical Details of Public or other undortAkingi of 
National importaaoe,— not proTiouil j publialied. 

6. Methods of EcoaomiBingFueliQas, &c. — of preventing Smoko 
Wtd Noxioiis Vapours from Manufactories,— of Ventilating 
Public Edifices, ¥rint9 Dwellings, Ships, Slc- — of coDstruct- 
ing Buildings on the most correct Acoufitio principles. 

7. Ihphoveicents id the Manufacture of Iron, and other 
Metals, Bimple or alloyed ; in the making and Tempering Steel, 
— in Ornamental Metallic Casting — in Calotype, Daguerreo- 
type, and Eleotrotype, — in the preparation of Lime and Plas- 
ter for Fresco Fainting, and in appropriate Tools for laying 
the Plaster with precisbn, — in Electric, Voltaic, and Mag- 
netic apparatus, — in Pavements, — in Balance or Pendulum 
Time-keepers,— in Taps and Dies, — in Die-sinking, — in 
Wood-cutting, — in Printbg from Wood-cuts, — in Printing- 
FreEses, — in Stereotyping, and in cleaning the plaster from 
the Types,— in Furnaces and other apparatus used in Stereo- 
typing, — in Type- Founding, — in the Composition of Printers' 
Boilers, — in Engraving on Stone, — in Ship-building, with re- 
gard to Ventilation, both for the crew and the timbers,— in 
Currying and Tawing of Leather, — in Glass and Porcelain, 
— in Land, Marine, and Locomotive Steam- Engines and Rail- 
way Carriages, and particularly in their Axles, — in Rail- 
way Telegraphs and Signals, — in Smith-work and Oarpentry-^- 
in Tools, Implements, and Apparatus for the various Trades. 

KEITH FKtZI. 

The SociETT also proposes to award the Keith Peize, value 
Thiutt Sovereigns, for an important Invention, Discovery, 
or Improvement in the Useful Arts. 

General Obtervatiom. — The Keith Peizr may be twarded 
for any communication which shall comply wiUi the terms of the 
announcement of thai Prize, although falling under any of the above 
specified subjects. 

The Descriptions of the various inventions, &o. to be fvil and 
dutincf, and, when netassary, accompanied by Spemmtna, Drawingg, 
«r ModeU. 

The Society shall be at liberty to publish in their Transactions 
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copiea or abstracts of all Papers Bubmitted to them. All Modela, 
DrawingB, Sic for whicli Frizes shall ba given, ehall be beld to be 
the property of the Society, — the Society being in the practice of 
taking the Talue of the Model into account in fixmg the amount of 
the Prize. 

Ali Communications must be written on Foolscap paper, learing 
margins at least one inch broad, on both the outer and inner sidet of 
*^ pag'f so as to allow of their being bound up in volumes ; and 
all drawings must be on Imperial Drawing Paper, unless a laiger 
fibeet be requisite. 

Communications, Models, fiio. to be addressed to James Tod, Esq. 
the SKCRETAEr, 21 Dublin Street, Edinburgh, Postage or Carrisga 
paid; and should be lodged on or before 1st November 1843, or as 
soon tkereafier as possible, in order to ensure their being read and 
reported on during the Session. 

Copies of this List of Frizes may be had from the Secretary. 
Edinboiuih, UtA April 1843. 



SCIENTIFIC INTELLIGENCE. 

HETBOSOLOGT. 

1. Observations on the Aurora Sorealts, made at Kaafjord in 
ifonaat/. — Mr Ihle, an officer of the English Copper-mine Company 
at KaaQord {69» 58' 16" N. Lat. ; 23° 43' 10" E. Long.), near Alien, 
in Fiamark, Norway, collected a large mass of meteorological observa- 
tions, between January 1839 and the end of July 1841. Mr Reich 
has communicated to Poggendorff's Annals (1843, No. 2, p. 337) a 
porUon of the results of M. Ihle's observations on temperature, and 
on the mean height of the barometer ; and likewise interesting notices 
of the Aurora Borealis. Begarding the sound emitted by this me- 
teor, we give the following extracts from M. Ihle's Meteorological 
Jonm^ ; — 1840, January 28th, Ev&dng, There was distinetly 
heard a noise corresponding to the movement of the rays of light, 
and resembling the rustling of silk stuffs. The stillness which pre- 
vailed in the air at the time, and which was of rare occurrence, left 
no doubt about the matter. — 1840, March 22d, Evening. Calm and 
serene ; northern lights in thin fine stripes of light across the heavens 
from W. to E. In the W. and S.W., very bright, peculiar-looking 
yellowish green luminous clouds proceeded from the horizon upwai-ds. 
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constantly cliu^ng in their Form and in the intensity of their lif;ht. 
At the inaianta of the greatest ioTelopment of light, viz., when the 
luminous cloud was near the zenith, there was quite eertaifdy a townd 
heard, resembling; the rustling of straw or of cloth made of siifc.— 
1840, ^011. 21«(, 5 o'clock p. m. Calm. The atmosphere had cleared 
up, and rays of light shot simultaneously from the west and east 
horizon with the greatest brilliancy ; at the zenith they whirled them- 
selves round in a circle, and formed crowns of light. A toft nulling 
was at the game time audible. Ihla makes the following general ob- 
servations on the Aurora : — The northern lights for the most part 
make their appearance over the western and north-western, and over 
the eastern and north-eastern horizon, rarely in the due north, and 
still more rarely over the southern horizon. The form of the north- 
em lights is sometimes in stripes, and that either with an uniform 
division of the light or in bands with parallel streaks ; and sometimes 
in bundles of r%ys, either ranged in certain lines next one another, or 
separated into undefined groups. The boundary of the stripes of 
light ia sometimes sharp, sometimes obscure. More ran^ than ta 
the form of stripes and bundles of rays, the anrora sometimes ap- 
pears in the form of undefined luminous clouds. The blaek taya of 
the northern lights, first noticed by Professor Hanstein, t. e. sharply 
bounded stripes, surrounded by masses of light, which, however, are 
quite detached from them, are a not unfrequent, but extremely strik- 
ing phenomenon. Changes of temperatore in the atmosphere gene- 
rally stand in connection with the appearail^K^f brilliant northern 
lights, and thus a dry cold occurs after northern lights emanating 
from the eastern horizon, while storms and snow, with diminished 
cold, follow the western aurora. Frequently, however, the northern 
lights from the east and west appear sipieltaneously, without the one 
or the other gaining the mastery, and then unsettled weather ensues. 
A variation of the magnetic needle generally follows the appearance 
of the aurora ; in the case of the eastern aurora the Korth Pole of 
the needle is turned eastwards, and in that of the western westwards. 
A difference of height has been distinctly observed, although measure- 
ments were not practicable. In M. Ihle's Journal, days are indi- 
cated on which the rays of the aurora were visible below the clouds, 
nay even lower than the abruptly rising accUvitg of the vallet/. The 
lower the aurora and the nearer the zenith, so much the more power- 
ful was its influence on the magnetic needle in relation to declination 
and intensity. It has also resulted from Ihle's observations, that 
there is a cerbun connection between the occurrence of storms and 
the appearance of the northern lights. In the case of violest^nns 
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Qwuninji in nidden guats, the Northern Lights are ftlmoat alv»;s in 
a itatA of fliokerii^ rapid movemeut ; and, while at the periodi of tha 
greatest eTOlution of light, the Btonn ii generally much diminished, 
it ia renewed in til ita strength when Uie the bnUianoy of the aurora 



S. iff Hopkins on the Caute of Ae Motion of Glaaers.—iS.r 
Hopkins, at the Cork meeting of the British Afisociation, explained 
hisTiewsrespecting the causa of the motion of glaciers. Do Saussure 
had adopted the tbeoiy which attributes this motion to the resolved 
part of ijraTity, acting along tha inclined surfaces on which all gla- 
ciers in motion ai'o situate ; and he explained, also, how the motion 
could ba facilitated by tlio effects of the internal heat of the earth, 
and of sub -glacial curients. When the attention of philosophers, 
howevarj was recalled a few years ago to this subject, and more ac- 
curate obsorTatioiis and adraeasureroents were made, the inclinations 
of the hedn of glaciers were found, in many cases, to be bo small 
(in the glacier of the Aar, for example, not exceeding three degrees) 
that it appeared extremely difficult to conceive how the force of 
gravity alone could be adequate to overcome the friction on the bot- 
tom and fiidea of the glacier, and the numerous local obstacles to ita 
movoment. Numerous experiments on the descent of bodies along 
inclined planes had shewn, that, when the surfaces of the bodies and 
planes wore perfectly hard and polished, no motion would ensue 
without an inclination ci4«idembly greater than that of manf glaciers ; 
and, moreover, that the inclination required to produce motion was 
independent of the weight of the sliding body. These considerations 
le4 to the very general rejection of Do Saussure's theory, and to the 
adoption, by many persons, of the dilatation theory, of which M, 
Agassiz had been tlie principal advocate. According to this theory, a 
part of the water produced by the dissolution of the superficial portion 
of the g'lacier during summer, passed, by infiltration, into the minute 
pores and crevices of the glacier, where it was again converted into 
ice, and, by its expansion in the process of freezing, produced a dila- 
tation and consequent motion of the glacier. It was manifest, how- 
ever, that the frequent alternation of freezing and thawing within the 
glacier which this theory assumed, cjuld not possibly take plaoe at 
depths beneath its surface exceeding a veiy few feet, and therefore 
could not produce any sensible effect on the motion of the whole mass. 
This theory presented many other difficulties, of which no adequate 
solution had been given, and the author could not but consider it as 
contrary to the most obvious mechanical and physical prinoiples- 
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Another theory had also been pat forward, which attribated the mo- 
Uou of glaoiera to the expansion of Water in the act of freezing after 
it had filled, not the minute pores of the ice, but internal cavities of 
considerable dimenfiions. But, since the temperatnre of the glacier,' 
at considerable depths, must be sensibly constant, how were new cavi- 
ties to be formed when existing ones had been once filled up ? The 
author, regarding both this theory and the preceding one as untenable, 
was thus led to examine how far the apparent objections to De 8aus< 
Bure'a theory were really valid, by a series of experiments on the 
descent down inclined planes. The experiments were made in the fol- 
lowing manner : — A slab of sandstone, prepared to be laid down as a - 
part of a common Hagstone pavement, was so arranged as to be easily 
placed at any proposed inclination to the horizon. The surface of 
the slab, so far fi-om being polished, retained the grooved marks of 
the instrument with which the quariTman had shaped it. A quan- 
tity of ice was placed on the slab, within a frame nearly a foot square, 
intended merely to keep the ice together, and not touching the slab, 
with which the ice alone was in contact. The following were results 
obtained in one set of experiments, the ice being loaded with a weight 
ofaboutlSOlb.:— 

Inclination of the planes, 3°, fC, 8°, 19°, 16°. 

Mean apue for one hour, 0.31, 0.68, 0.06, S.O, 3JI Incbei. 
When the weight was increased, the rate of motion was also in- 
creased. The least inclination at which sensible motion would 
take place, was not determined ; but it was ascertained that it could 
not exceed half a degree in the case of a smooth but unpolished 
surface. With a polished surface of a marble slab, the motion 
of the ice indicated a deviation from horizontality, with as mucit 
sensibility as water itself. It wilt be observed, in the results 
above given, that (1.) the motion was unaccelerated, and (3.) it in- 
creased with the inclination, and (when the inclination vras not 
greater than nine or ten degrees) in nearly the same ratio; and (3.) 
the rate of movement was of the same order of magnitude as in actual 
glacial motion, which may be stated generally, in cases yet observed, 
never to exceed two feet a-day. The extreme small friction between 
the plane and the ice, indicated by the small inclination necossary to 
produce motion, was manifestly due to the circumstance of the lower 
surface of the ice being in a state of gi'adual disintegration, which, 
however, was extremely slow, as proved by the small quantity of 
. water proceeding from it. In the application, therefore, of these re- 
sults to the case of actual glaciers, it was necessary to shew that the 
temperature of their lower surfiu»B could not generally be less than 
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82° F^. Such, th« &uthi>r stated, tnoBt neceassnly be the case, 
nnloM the coodnctive power of ice was greater than it was deemed 
possible that it conld be. He considered the Eub-glaciol cmretils as 
powerful agents in the disintogntion of the lower surfaces of glaciers, 
especiall; near their hiwer extremities. The results of I^fessor 
Forbes's obserratiena aa the motion of the Mer de Glace of Mont 
Blanc, afforded, as t^|;ards that glader (and, b; inference, as regards 
all other glaciers) a complete refutation of the theories which attri- 
buto glacial movementB to any expansion or dilatation of tho ice. 
The Professor had, however, put forth a new theory, which agreed 
with tiiat offered by Mr Hopkins in attributing glacial motion to the 
action of gravity, but differed from it entirely as a mechanical theory 
in other respects. The FroCsssor appeared to reject the sliding 
theory of De Saussure, on account of the difficulties already men- 
tioned (which were now removed by the above experiments), and 
assigned to the mass of a glacier the property of plaatidty, or 
gemifiuidity, in a degree sufficient to account for the fact of its de- 
scending down surfaces of such small inclination. According to 
this theory, the motion was due to the small cohesion of one par- 
ticle of glacial ice to another. Mr Hopkins stated his conviction 
that the internal cohesion of the mass was immensely greater than 
its cohesion to the surface on which it rests, whenever the lower 
surface is in a state of disintegration. It was perfectly consistent 
with tfiis conclusion, to assign to the glocierwhatever degree of p/av- 
ticify might be necessary to account for the relative motions of its 
central and longitudinal portions under the enormous pressure to 
which, according to his theory, he shewed it might be subjected. 
Such relative motions, however, were probably facilitated more by 
the dUloeation than the plastioity of the mass. Sufficient, he trusted, 
had been advanced to prove that the gliding theory assigned a cause 
adequate to the production of all the observed phenomena of glacial 
movements > — A thaiavm. 

3. On the TrangpoH of Erratic Bloeks and Setritat from ths Alps 
to the Jura. By Mr Hopkins. — With respect to the transport of erratic 
blocks and detritus from the Alps to the* Jura, Mr Hopkins observed 
that the greatest height which glaciers had formerly attained in the 
valley of the Bhone (whence a large portion of the erratics bad been 
denved^ appeu^ to be well defined by lateral moraines and polished 
rocks, while the greatest height at which these blocks had been de- - 
posited on the Jura was also well defined. Thus, according te M. 
Charpentier, the Bhone glacier must have risen, at the month of th« 

, Google 



Scientific Intelligence — Meteorology, 389 

Val^s, to about 2500 feet tibove the existinf; surface of the Lake of 
Geneva; while the highest hand of detrituB on the Jura was Gtatod 
to rise to a still higher level. It wsa ineonceirable, therefore, that 
snch detritus should have been lodged at its present elevation by 
former (rlaciers. The only way in which it appeared possible to ob- 
viate the mechanical difficnlties of the Gubject, was to suppose the 
transport to have been effected when the Jura was at a lower level 
relatively to the Alps, and the whole district lower relatively to tho 
surface of the ocean. In such case, the space between the Alps and 
the Juia may have been occupied by the sea, and the ice, with its 
transported materials, may have passed from the former to the latter 
chain, partly with the character of a glacier, and partly with that of 
an iceberg. This hypothesis is perfectly couGistent with the suppo- 
sition of the general configuration of the surface of the Jura having 
been the same at the epoch of the transport as at the present time ; 
and Mr Hopkins believed it would bo found equally so with all the 
observed phenomena of that region. — Athemmtm, No. 827, p. 603. 

4. On ike Agency of Gladers in Transporting Rocks. — Colonel 
Sabine, at the Cork Meeting, related, in illustration of the agency 
of glaciers in transporting rocks, that when the Antarctic Expedition 
had reached 79 degrees S. latitude, the vessels were stopped by a bar- 
rier of ice, from 100 to 180 feet in height, and 300 miles from east 
to west ; beyond these cliffs they discovered a range of lofty moun- 
tains, 60 miles from the sea, the westernmost of which appeared to be 
12,000 feet in height. From the face of these ice-clilTs vast masses 
were constantly breaking off, and floating northward, bearing with 
them fr^ments of the rocks which had been derived from the moun- 
tains. In the latitude of 66 and 67 degrees, a distance of 700 miles 
from the glaciers, these floating icebergs appeared to be usually 
arrested, so as to form a floating barrier, at which ships were often 
stopped ; and it had been observed, that, between this zone and the 
cHfTs, the sea deepened considerably. Over all this area the icebergs 
would he constantly strewing masses of rock and detritus, particu- 
larly at their northern limit, where they would probably form mounds 
resembling terminal glacial moraines. Colonel Sabine then describ- 
ed similar phenomena in Baffin's Bay, which he stated to be, in most 
parts, deeper than the thousand-fathom line, but shallow at the strait 
which forms its entrance. The bay was surrounded by alternate 
cliffs of rock and valleys occupied by glaciers, and presented cliffs 
of ice along the shore, from which masses became detached and float- 
ed off to the zone of shallow water at the entrance of the bay. where 
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they were constantly becoming arrested in their progreES, and depo- 
sited the fragmonts of granite, trap, and limestone containing fossils, 
derived from the shore.— ^(AentEwm, No. 827, p. 803. 



6, Jlfr JfurcAison on tfte Permian Sr/stem, aa applied to Germany, 
with Collateral Observations on Synchronous Deposit! in other 
Countries; shewing that the Bothe-todte-liegende, KupfeT-Schie/er, 
Zechslein, and the tower portion of the Butiter-sandsteiTt, form one 
natural group, constituting the upper memher of the Palteozmc Rocks. 
— The wordl'tfrmian, as remarked at page 115, when first proposed bj 
MrMurchison, was intended to distinguish a natural group of deposits, 
lying between the well-known carboniferous strata beneath, and the 
less perfectly defined trias above it. He first suggested that the 
group (bo designated from the ancient kingdom of Fermia, which is 
osclusivcly occupied by it) should combine those deposits known 
under the name of Rothe-todte- liege nde (lower new red of England}, 
Kupfer-Schiefer, Zechstein, &c. (magnosian limestone, &c.) Sub- 
sequently, however, he was disposed to doubt whether it miglit not 
be more correct to class tlie RoUie-todte-liegende with the coal-bearing 
deposits beneath it, than with the Zechstein, because tho plants of 
the lower red sandstone could not be distinguished from those of tho 
coal-measures. Revisiting Hesse, Saxony, Silesia, the Thuringer- 
wald, and other parts of Germany, Mr Morchison has obtained what 
he considers proof tliat tho Rothe-todto-Kegende is part and parcel of 
the same natural group as the Zechstein, and must, therefore, bo 
considered part of the Permian system. He has also convinced him- 
self tliat the great deposit hitherto known under the denomination of 
Ruiiter-fiandstein, Gres bigarre, or new-red sandstone, should be di- 
vided into two parts, the lower of which ought to be classed with the 
Permian, and separated from the trias, with which it had been 
merged. To prove the first of these positions, or that the Rotho- 
todtc-tigende is a part of the Permian group, Mr Murchison cited 
the order of succession in numerous sections in Germany, shewing 
an uninterrupted sequence from the lower red conglomerate sand- 
stone and slmle, into the overlying Zechstein. It is a question 
whether the plants of these lower red ro(ks can be distinguished as 
a whole from those of the subjacent coal-measures, plants being, as 
yet, the only organic remains found in them. From his observa- 
tions in Saxony, and particulaily from an inspection of tho^fossil 
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plants eolUoted and partly deBcribed by Captain Gutbier, Mr Muf- 
chison believes that such a separation exifits. Among the coal- 
plants of Saxony &re forma of Keuropteris, closely approaching to, 
if not identical with, thoae species which occur in the Fermian rocks, 
whilst there is no trace of the common plants of the underlying coal. 
These plants being imbedded in a whitish or cream-coloured finely 
levigated clay-atone, and their leaves being brought into beautiful 
relief by being invariably as green as if they had been peculiarly and 
Jiappity dried in an herbarium, form admirable subjects for tho most 
precise distinctions of the fossil botanist. In Sile^.ta (at Euppondorf, 
and other localities west of Waldeiiberg, between Broslau and Glalz) 
there is a fine development of strata from the base of the Rothe-todtc- 
liegende (where that deposit overlies a productive coal-field based 
upon true mountain limostone) into other rod sandstones and shales, 
which have a marked aspect, from being interlaced with bands of 
black, bituminous, thin, flagg'y, limestone. Though doubts had been 
entertained as to the age of this limestone, Mr Murchison does not 
hesitate to consider it as the equivalent of the Zechstein, and tho 
whole red group, of which it forma a member, as the counterpart of 
the Permian system ; for, besides its very clear position, this cal- 
careous flag-stone contains plants and fishea similar to those of the 
Pei'mian rocks of Russia. Among the former, the Neuropteris con- 
ferta, nov. spec., o{ Giyp^ert, has boon identified with tho most common 
fern brought from Russia. The moat abundant fish, is Jpaltwoniscus 
WratUlaviensis, Ag. On thia occasion Mr Murchison passed rapidly 
over the zoological proofs that the Zechstein and Kupfer-Schiefer of 
Cfermany are the equivalents of the calcareous beds of the Permian 
systemof Russia, as these had been given in detail in memoirs read be- 
fore the Geological Society. He stated, however, that bis opinion was 
now perfectly in harmony with that of Professor Phillips, namely, that 
the fanna of Zechstein, or magnesian limestone, haa so much of the 
same general zoological typeas the carboniferous limestone, that it must 
also form part of thePalBeozoic series. Mr Murchison then proceeded 
to consider the ago of these lower beds of the Bunter-sandatein, which 
had been hitherto included in the trias, on lithological evidence only. 
They contain no fossils either in Hesse, Saxony, or theTUuringerwald, 
where the Zechstein and Kupfer-Schiefer are most developed ; and 
from all Mr Murchison'a inquiriea and observationa, it appears that 
the upper mass only of the Bunter-sandstein contains the remains 
of plants and animals anal^^ua to those of the Muschelkalk, which 
rests upon it. Tho footmarks of tlie Cheriothcrium appeared also to 
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I^ coDfined to the boda of sftndstone. at a very little iepUi below the 
}f uschelluilk. From tbese circuniEtanceB t&i Murchison wae induced 
to regard the upper beds alone of the Bunter-Bandetein as belonging 
to the trias ; whilst the lower portion, which, though generally un- 
fossiliferouB, contained, in RusEia, the Eanie groups of foBsils with the 
Permian rocks, he proposed henceforth to eeparato from the second- 
ary system, and consider it, together with the ZediBtein and Bothe- 
todto-liogendo, as the upper member <)f the Falteozoic series, sop- 
posed to be represented hj a thin band of dolomite. The plants of 
the Fermian system of Russia appear, from the opinion of H. 
Adolphe Brongniart, to possess a peculiar character ; but they are 
etill closely allied to carboniferous forms, like the plants of the Bothe- 
todte-Uegende of Saxony ; and this evidence is in complete harmony 
with that afforded by the molluscs, corals, and ichthyolites. In con- 
clusion, Mr Murchison remarked that the English strata, ranging 
under the synonym of Permian, formed a well-defined tract, se- 
parating the coal-fields from the newer deposits of red sandstone and 
marl ; and as the magnesian limestone does not often appear in the 
form of a continuous deposit, it was the more desirable to give a 
certain latitude to this group, and not to define it too narrowly by 
mere mineral characters. 

Q. On the Bae of the Coait of Scandinavia. — Major L. Beamish, 
F.B.S., read a paper " On the apparent fall or diminution of Water 
in the Baltic, and elevation of the Scandinavian Coast.' During a 
journey to Stockholm, in the early part of the present summer, the 
author had occasion to see and hoar much respecting the diminution 
of water in the Baltic, a practical and personal evidence of which he 
experienced in the harbour of Travemundo, on the 4th of May, by 
the sudden fall of water at the port, which took place very rapidly, 
and to a great extent. The steamer, which ought to have lell Tra- 
vemunde on the 18th, was detained by this cause until the 21st. It 
is well known, that, although without tide, the Baltic is subject to 
periodical variations of depth, but the water has fallen, during the 
present summer, to a degree far below these ordinary variations ; 
and tho fact was considered so remarkable as to bo thought worthy of 
being brought before the notice of the Swedish Academy of Sciences, 
by Baron Berzelius, in July last, ■ This fall or diminution of water 
was already perceptible in the summer of 1842, since which, the Bal- 
tic has never returned to its average mean height : but, on the con- 
trary, has diminished, and there seems now no probability th^ the 
former lord, or the height of 1641, will be again stained. Meantime, 

C.otv:;lc 



Seientijk JnieUigenee — ZooJogy. 393 

no perceptible change has taken place in the waters of the North Sea. 
and the anscientific observer asks. What has become of die waters tX 
the Baltic } The answer is probably to be found in a simultaneous 
phenomenon apparent on the Swedieh coast, the gradual elevation 
of which has been satisfactorily proved by the personal obserration 
of Mr Lyell- Recent observation, however, would seem to sliew that 
this elevation does not proceed at any regular or fixed rate, but, if 
he might use the expression, _^f/ulfy at uncertain periods, and at a 
rate far greater than was at first supposed. At the same meeting, 
when BaroQ Berzelius drew the attention of the Swedish Academy 
to the diminution of water in the Baltic, a communication wa^ made 
from aa ofiicer who had been employed on the south-west coast of 
Sweden, in the S^irgard of Bohuslan, north of Gottenburgh, giving 
evidence of the recent elevation of that paii: of the coast, and stating, 
thatduringthe present summer, fishermen had pointed out to him near 
the Malsti-om, at Oroust, skoals which had never before been visible. 
The elevation of the Swedish coast forms a striking contrast with the 
unchanged position of the contiguous coast of Norway, which, as far 
as observation has hitherto been extended, has sulfered no oliange 
within the period of history, although marine deposits, found upon 
the Norwegian Hills, at very considerable elevations above the level 
of the sea, prove that those parts were formerly submerged. More 
accurate information, however, will, before long, be obtained on this 
interesting point, as a commission has been appointed by the Nor- 
w^ian government te investigate the subject, and marks have been 
set up on the coast which will, in a few years, afford the desired in- 
formation ; meantime, the Scandinavian peninsula presents an ex- 
traoidinary phenomenon ; the western, or Norwegian side, remaining 
sbd.ionary, while the south and east, or Swedish sides, are rising, and 
that, as the author had endeavoured te shew, at no inconsiderable rate. 
Athenasum, No. 829, p. 850. 



7. Note on a vemUneotu alteration in the Blood of a Dog, earned 
by a great number of Hematozoary Animah of the Genus Filaria. 
By MM. Gruby and Delafond,— Physiologists and anatomists have 
long since proved the existence of certain entozoa in the nutritive 
fiuid of cold-blooded animals, such as fn^s and fishes. Among the 
Mammifera, also, worms have been sometimes found in the blood ; 
but it is probable that they found their way thither merely by per- 
forating the organs in whi^ they were developed. It is of great im- 
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■portance for physblogy, pathotojfj, and &qtanl history, to Bbew, not 
only the existence of ontozoaiy worma in the blood, but fa) prove be- 
sidea that they continually circulate in this fluid, in a n j m fcl a vhieh, 
in their etructure, make some a]^nw^ to man. Kow, as science ia 
still destitute of an initaoee proving in an absolute manner the cir- 
calation of worms in the blood of Mammifera, we are anxious to eom- 
municate to the Academy the discovery we have made of entozoa dr- 
culating in the blood of a dog of vigorons constitution, and apparently 
in a state of good health. 

Those worms are from O'^'.OOS to O^.OOS in diameter, and about 
0™°.29 in leng:th. The body is transparent and colourless. The 
anterior extremity is obtuse, and the posterior or caudal extremity 
terminates in a very slendei* filament. In the anterior part a small 
furi-ow is observable, about 0°'°.O06 in length, which may be regarded 
as a buccal fissure. 

In all its characters, this species of hematozoaria belongs to the 
genus Filaria. 

The motions of these animals are very active. Life continues for 
no less than ten days after the blood has been extracted from the 
vessels, and plnced in a vase at a temperature of 15 degrees of the 
centigrade scale. On examining a drop of blood under the glass of 
a microscope, we perceive these hematozaoria swimming about with 
an undulatory movement between the sanguineous globules, bending 
and unbending, twisting, and untwisting themselves with great vi- 
vacity. 

In order to determine whether these worms existed in every part 
of the circulating stream, we examined the blood of the coccygian 
arteries, of the external jugulars, the capillaries of the conjunctive, 
tho mucous vcs!:els of the mouth, of the skin, and of the muscles, and 
in everywhere the fluid presented us with these entozoa. 

Tor twonty days we daily opened the capillary vessels of different 
pails of the skin, and the mucous vessels of the mouth, and always 
ascertained the presence of these animals. 

The urine and excrementitiat matter contained none of them. 

The diameter of the globules of the blood in a di^ is from O'^.OO? 
to 0™'.O08, that of the Filaria is from 0™.003 to 0™.005. There 
is not, therefore, the least doubt that this worm can circulate where- 
ever the blood requires to pass. After many researches imdertaken 
for the purpose of ascertaining the quantity of blood existing in tiie 
vessels of dt^s of medium size, we estimate that the dog in question 
had l>'>'-.500 of blood in cumulation. Now a drop of this 'bh>od weighs 
0''"-.067, and in this drop there are usntdly from Ibnr to five fiUria. 
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In the whole blood of thisdog, there must, therefore, have been more 
th&n 100,000 of these worms. 

The prodigious number of these animals is the more surprising 
from the dog appearing to enjoy good health. However, we have re- 
marked that the entozoa of the digestive tube of dogs, the taenia, 
rarely deran^ the vital functions, even when in very great numbers. 

During the last year, we have examined the blood of from 70 to 
80 ia^ without meeting with the Filaria, and, from the date of its 
discovery, we have sought for it in vain in the blood of 15 dogs.* 

8. Examination of Tartar and the Mucous Coatings of the Tongve 
and Teeth. — These coatings, which, according to Laugier and Vau- 
quelin, are chiefly formed of carbonate and phosphate of lime, agglu- 
tinated by a little cement, have been studied microscopically by M. 
Mandl, who, having macerated them, in a fresh state, in distilled 
water, discovered a large q^uantity of vibrious baguettes. This ob- 
server consequently believes, that such coatings are formed of calca- 
reous skeletons of these Infusoria, Leuwenhoek long ago indicated 
the presence of infusoria in the same products. — Report of Proceed- 
ings of the Academy of Sciences in " L'Jnstitut." 

9. Light of the Glow- Worm, — M. Matteucci lately addressed a notice 
to the Academy of Sciences, containing the results of experiments 
which he has made on the phenomena constituting the phosphores- 
cence of the glow-worm. The following is the substance of his 
communication : — Carbonic acid and hydrogen are the media in which 
the phosphorescent matter ceases to shine after a space of 30 or 40 
minutes, if the gases are pure. In oxygen gas the light is more 
brilliant than in atmospheric air, and it remains brilliant for nearly 
triple the length of time. When it shines in the air or in oxygen, 
. it consumes a portion of oxygen, which is replaced by the correspond- 
ing volume of carbonic acid. In the same media, when there is an 
impossibility of light being emitted, there is no oiygen absorbed, 
and no carbonic acid developed. Hoat augments to a certain extent 
the light of the phosphorescent matter, whereas cold producoa the 
opposite effect. When the heat is too great, the substance is altered. 
The same thing takes place when it is left in the air or in some 
gases for a certain time ; that is, when the substance is separated 
from the animal. This matter, so altered, is no longer capable of 
emitting light or of becoming luminous. According to these facts. 
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it would seem that the phasphorescence of the glow-worm is a pheno- 
menon of oombuBtion, tho result of the combination of the oxygen ef 
the air with carbon, whieh is one of the elements of the phosphores- 
cent matter. — L'ltutihu, No. 603. 

10. On the Stmcture of the SJdn in tA« d^ermt races of Man, 
and new proof of the common orifftn of alt the Varieties of the 
Human Specia. — The following is an abstract of the results of M. 
Flourens' researches on the comparative structure of the skin in the 
differenthuman races, which he communicated along with illnstrative 
drawings. One of the figures represents the skin of an indiTidual of 
the white race, which is seen to be composed of three layers or dis- 
tinct membranes, the dermis and the two epidemts ; and, between 
the second or internal epidermis and the dermis, there is no trace 
visible of a pigmental layer — no trace of a pigmentum. Other 
figures represent the stin of a Kabyle, a Moor, and an Arab.^ All 
these slins are of a bistre colour, but in general this colour is deeper 
in the Arab than in the Moor, and in the Moor thin in the Kahyle. 
Except in this respect, every thing in their structure is similar : in 
all there are two epiderms and a dermis, and in all there is a layer 
of pigmentnm, and a pigmental membrane between the second epi- 
dermis and the dermis. There is also a representation of the skin 
of a cross of an Arab and a Kegress ; and another of the skin of a 
Negro. They exhibit the same structure as the skin of the Kabyle, 
the Arab, and the Moor. One drawing of the skin of on Arab, 
affected by partial albinism, is specified by M. Flourens as meriting 
particular attention. Upon that skin there are many white spots ; 
and at the side of these spots the skin preserves its ordinary colour, 
which is blackish or bistre-coloured. Now, where the skin is black, 
there is a well-marked pigmentum, but where the white spots occur, 
there is no pigmentnm. Judging, then, from this example, the 
malady termed albinism would only tend to produce the absence— 
the non-secretion of the matter which constitutes the pigmentum. 
With regard to all these preparations of the skin, M. Flourens 
makes the following general remarks : — If we compare the structure 
of the skin in all these races, viz. the Kabyle, the Arab, and the 
Moor, on the one hand, and, on the other, the American and the 
Negro, we find that it is every where the same. So that the 
Kabyle, the Arab, and the Moor, who probably belong to the Cau- 
casian or white race, but certainly do not belong either to the red 
or to the black race, have, nevertheless, a pigmental apparatus per- 
fectly similar to that of the black and the red races. The white 

t'.oojilc 



New Publieationi. 3S7 

man himself haa hia pigmental appvatus, ytsrj ctroumBenbdi it ia 
true, bat still quite distinct, in tlie nipple, particularly. in thA fe- 
male. Having submitted the ooloured portion of the skin of the 
breast to hia anatomical prooessea, M. Flourens found, firat of aU, 
tvro epiderma, and then, between the aecond epidermia and the dei- 
mis, a pigmental membrane and a layer of pigmentum ; in a word, 
the whole pigmental apparatus. One of the figurea represents this. 
Thus, he continues, we have a portion of the akin of the white mati, 
in which we find the whole structure of the skin of the colou^ 
races. Hare we not in theae facts a new proof, a direct proof, <£ Ilia 
common origin of the various hnman races, and of their orif^nal 
unity ? To thia proof, derived from the study of Ae akin. U. 
Flourens intenda adding another, deduced from the study of the 
skeleton, and especially of the cranium. — Vliutitut, Xo> 604. 

11. Irish and Alpine Sara laid to he varieties of the tatae ip«iet. 
— At the Cork Meeting of the British Association, Hr Thomson ex- 
hibited specimena of the Alpine hare (Lepws variabilis), from the 
Highlands of Scotland, and of the hare of Ireland (Leput Hibemi- 
cvsj, for the purpose of shewing that the species are identical. Of 
' this fact he, judging from external charactera, satiafied himself last 
autumn, when in the Highlands of Scotland, and subsequently proved 
it by a compariaon of the anatomical characters of the two supposed 
species. 



NEW PUBLICATIONS RECEIVED. 

1. Considerations Geologiquea sur le Mont Sa14ve, et snr les Ter* 
rains des Environs da G«nSve, par Alphonse Favre, Membre de la 
8oei6t6 de Physique et d'Histoire Naturelle de Geneve, &g. &c. 4tb> 
withpktea. Geneve, 1843. 

2. Statistical Account of Scotland, No, 44, containing the CcKinty 
of Linlithgow complete, and part of the County of Perth. July 1843. 

3, Account of the Museum of Economic Geology. By T. Sop- 
witi, F.G.S., &c. 

4. On the Bebeeru Tree of Britiah Guiana. By Douglas Mada- 
gan, M.D., F.R.S.E. 4to. 1843. 

VOL. XXXY. MO. LXX.— OCTOBER 1843. 2 D 

D„:,iP<.-jM,G00g.lc 



aM NmFmiUeatuM. 

b. OitlttlMMiMi Pnpartiaa cT Bebwra Bark. SjDougias 
MM%ai],HJ>. Sn. 1B43. 

e. Balletiii de U Society GfloIogiqM ie Frsnee. T. zir^ f. 
21-24. (20 Mara— 17 Arril 1843.) 

7. Die wnglaiehpiy — Beehnm^en der pnctischen Geometrw, 
fte. Von C. L. Oerling. Hsmbiirg and Ggtha. F. and A. 
PerthM. 1&43. 

8. Timnnetioai of tbe Amariean Philosophical Bomtf, hM at 
Phfladdphia, for promoting Usefb) Knowle^o. Vol. nii. Parts 
I. II. III. Xev SeriM, 4to, pp. 36?. Philadelphia, 1841-2-3. 

9. Proceedings of the American Philosophical Society for No- 
rei&ber and December 1842, and Jantiaiy, February, and March 
1843. 8*0. 

10. Descripti<m of tbs Skeleton of an extinct Gigantic Sloth, 
Mplodon robuttK», Owen, with Obserrations on the Osteology, 
Natural Affiaitie§, and probable Habits of the M^;atherioid Qua- 
drupeds in general, with aumeroos plates. Bj Richard Owen, F.R.S,, 
&c Si4s. John Van Voorst, 1 Paternoster Bow, London. 

11. Applications of the EUctrio Fluid to the Useful Arts. Bj 
Kx Alex. Baio ; with a Vindicatkni of his Claim to be tke Firrt 
Inventor of the Electro-Magnotic Printing Tel^rapb, and also of 
the Electro-Magnetic Clock. By John Finlaison, Esq., Actuary of 
the National Debt Office, and Government Calculator. 8to, pp. 
127. with plates. London, Chapman and Hall, 186 Strand. 1843. 

12. Frinc^les of Mathematical Geography, comprehending a 
Theoretical and Practical Explanation of the ConEtruction of Maps, 
with raise for the Formation of the various kinds of Map-Fr<^ef- 
tiont, and an Appendix on Physical (Geography. By W. HugheSi 
F.G.S.. Professor of Geography in the Coll<^ of Civil Engineersi 
&o. Ace. London, John Weale. 12mo, pp. 167. with maps, lie. 
&C. Thit utefiU volume, which we recommend to the attention of 
ourreaden.xvt owe to MrHughei, a young gentleman, who hat at- 
ready railed himttl/to eminence cu a map-eoTutrttctor and geogra- 
pher, and who promise! ere long to ocewpy a prominent position 
amonjr tfie geograj/Aeri of ovr country. 

13. The American Journal of Science and Arts, conducted by 
Professor SillimMi, and Benjamin Silliman jun., up to July 1843. 
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14. Annalen der Pfaynfc und C^teuie, Hamug^bM in Berlin, 
Von J. C. Poggendorff. Baoeirsd op to No. 6, 1848. 

16. A Catalogua of Brituh FraBtli, eotnprwsg all the Genen 
and Bpeciea httherto described, with references to thrir Qeelogieal 
Distribution and to the LocaJitiea in which they have been found. 
By John Morris, London. John Van Voorst, Paternoiter Bow. 
1843. 870, pp. 216, widi an ample Index. "Dm valwthU volwne 
ottght to find a plaoe m wery OeoloffuxU LUmtty. 

16. The Journal of Agricultnre, and the Transactions of the 
Highland and Agricultnra! Society of Scotland for Jnly 1848. 
Blackwood and Sons, Edinburgh and London. 

17. Essai Eur I'lnfluence des Com^s Bur lee Phenomenes de la 
Terre. Par Thomas Igoaoa Marie Forster, M.B., F.L.S. and Ast. 
S. of London, &c. 8to, pp. 138. Bruges. 1813. 

18. Discours Prelimin&ire sur I'etode de I'Hititoire Naturelle. 
Par T. J. M. Forster, M.B., &c. Bruges, 1843, 

19. Biblioth^ue UniTereelte de Gen^e, up to No. 91) July 
1843, inclusive. 

GERMAN WORKS PUBLISHED. 

1. G. VMentins Lehrbuoh der Physiologic del Henscfaen, Gr. 
8yo. 1843. 

2. Sars M. Zoologica Norwegica. 1 Ut., with 10 coloured folio 
plates. Ghristiania, Dahl. 1843. 

3. Keilbau's Giea Norwe^ca. 2 Ut., folio. Ghristiania, Dahl. 
1843. 

4. J. C. A. Kraemor Obserrationes Microscopicse et Experimeuta 
de motu Sperm atozoorum, Dissertatio inaug. Physiologica. Adjecta 
est Tabula Aenea. Gottingee, 1843. 

5. Kraus. L. A. Etymotogish-Medioinisches Lexicon. Of this 
valuable work a third and much enlarged edition is at present in the 

6. M. P. Erdl, Tafeln zur Vorgleichenden Anatoniie des SchSdelB. 
20 Tafeln mit Erlauterndem Toxte. Imp. fol. Munich, Palm. 
1843. 
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7. Atlu der Cnniosoopie, oder Abbildut^en dor Bcluidel nnd 
AntlitzfonneD beriUtmter oder sonst Merkwurd. FerBonen. Heft 
1. mth. anf 10 UUm^. USdin die AUnld. der Kopffonnen: Schil- 
l«rs, T&UeTTuids, einn GroDlSndsra, eines Cretins, Napoleons, eines- 
alten Skaadinavierfl, eines KafTem, und eines Bali, bo wie Zwei Tafeln 
iibereinander Gezeichn. Contonre dieser Kopfe. mit Deutschem und 
Franz. Text. Folio. Leipz^. Weichardt, 1843. 

8. C. G. CaruB ; Goetlie, seine Indifidualitiit nnd sein Verhaltniss 
zu den NatumissenEchaften, dargest. unt : Beifiigung Zwanzig eigen- 
hand. (nocfa ungedr.) Briefe Goethes an den Verf. gr. 6. Leipzig, 
Weichhardt. 1843. 

WORKS ABOUT TO APPEAR. 

1. A Periodical under tbe title "The London FhfBiologicalJour- 
nal, or Montbl/ Becord of Obsarrations on Animal and Vegetable 
Anatomy and Fhy siologj, chiefly made by the aid of the Miciv>- 
Boope," by Mr E. J. Quekett, F.L.S., asaisted by Dr Goodfellow, is 
about to be published by M. Van Voorst. 

2. Grustacealogical Besearoliee. Fart I. By H. D. S. Qoodsir, 
Keeper of the Museum of the Boyal Cotl^ of Surgeons in Edin- 
burgh. This first part is the oommencement of a series of memoirs 
for-the purpose of illustrating the anatomical Etructure and natural 
history of the Crustacea, 
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Lift of Patent! granted for Scotiand /rom 2SdJune to •] 
23rf September 1843. 

1. To WitiiAJi NswuoN, of the Office for Patents, 66 Chancery 
Lane, in the counfy of Middlesex, ciril en^neet, being a commnnication 
from abroad, " certain improveroenta in Ibe preparation of paper designed 
fbr bank notes, GoTemment documents, bills, cbeqnes, deeds, and other 
purposes, wherein protection and safety &om forgeries or coi^nteifeits 
are required." — 23d June 1843. 

2. To WiLLiAU Nbbdhaic, of Birmingham, in the county of War- 
wick, gunsmith, " impiovements in fire-arms." — 1th July 1843. 

3. To BoBZST Shabt, of Commercial Boad, in the psriih of Saint 
Uary Radcliff, in the inty of Bristol, ship-ownra, " improvoments in 
paddle Wheels."— *th July 1843. 

4. To Lose Hebert, of Dotct, in the oonntyof Kent, dvil engineer, 
" certain improvements in mills or machines fin' the grinding and dress- 
ing, or reducing and aeparating, grain and other substances." — 13th 
July 1843. 

5. To Jaues John Gbeeh, of Woolwich, in the county of Kent, sur- 
geon, " improvements in apparatus for securing oifixing standing rigging, 
and chains, and other tackle.'' — 14tli July 1843. 

6. To AlONZO Gbandibon Hull, of Clifford Street, in the county of 
Middlesex, Doctor of Medicine, "improvements in electrical apparatus 
for medical purposes, and in the Eq;>ptication thereof to the same pur- 
poseB."~15th July 1843. 

7. To JoBBPH DakibIi Davidoe, of Qreville Street, Uatton Garden, 
in the parish of Saint Andrew Holbom, and county of Middlesex, ma- 
chinist, " improvements in mannfiutturing certwn materialB aa substi- 
tutes fbr whalebone, applicable to various useful purposes, and in the 
machinery for effecting the same." — l7th July 1843. 

8. To Geobsb Pabsoks, of West Lambrook, in the county of Somer- 
set, gentleman, and Rich ABB CLTBUBirof Uley, in the county of Glou- 
cester, engineer, '' certmn improvements in machinery fbr beating, cleans- 
ing, and crushing various animal and vegetable materials or substaocoa."— 
18th July 1843. 

9. ToSirJoHirBoOTTLii.LiB,ofChelsea, in the county of Middlesex, 
Knight and Companion of the Most Honourable Ordw of the Bath, cer- 
tain improvements in roads." — 19th July 1843. 

10. To RiOHABD LAunra of Radley's Hotel, New Bridge Street, 
Blaok&iars, iu tbe city of London, gentleman, " certain improvements in 
tho purification and application of ammonia to obtain certain chemical 
products."— 19th July 1843. 

11. To Jaueb Lakoabzeb Ldceita, of No. 4 Garden Court, Middle 
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Temple, London, baniBter-at-law, of am exteneion c£ five years from 3d 
August next, of apateut granted to Elijah Galloway, of KiDg Street, 
in the borough of Soathwuk, engineer, '*' for improTemeatt in BteMn-en- 
ginea, and in machinery for propelling veuola, which improvements are 
applicable to other purpoBeB." — ^20th July 1843. 

12. To JoHH Qbobob BosKsa, of MancheBl«r, in Oie cooniy of Lan- 
caster, eng^eer, " certtua improvement* in locomotive engines and car- 
riages, to be tued upon railways, in marine-engines and veBsela, and in 
tbe apparatus for propelling the same, and also in stationary epg^ne*, 
and in apparatus to be connected therewith, for pumping water, nusing 
bodies, and for blowing or exhausting air." — 2lBt July 1S43. 

13. To Thoxas Ol SB ah, of Manchester, in the county of Lancaster, 
manufactorer, " a certain improved mode of manufacturing bonnets and 
hats."— 24th July 1643. 

. 14. To Qeoboe Pabsonb, of West Lambrook, near South Fetherton, 
in the county of Somerset, gentleman, "a portable roof for TariooB agri- 
cultural and far other pnrpOMt." — 26tb July 1843. 

15. To SAitUBL Ellis, of SaUbrd, Manchester, in the county Palatine 
of Lancaster, engineer, " certain improvements in weighing machines, 
and in turn-tables to be used on or in connection with railways, and in 
weighing machines to be used in other situations," — 3d August 1343. 

16. To Chasltok JAHxa Wollahioh, of Welling, in the county of 
Kent, gentleman, being a communication from abroad, " improvements 
in machinery for cutting marble and stone." — 9d August 1843. 

17. To Ebmbt Lbntz, of Eastcheap, in tbe city of London, gentleman, 
being a communication &om abroad, " improvements in machinery for 
raising and forcing wator and other fluids, which machinery, when 
worked by st«am or water, may be employed for driving machinery." — 
3d August 1843. 

18. To Ehhuvd Mokhwood, of Thombridge, in tbe county of Derby, 
mefchani, and OxoKaK RoasBS of Chelsea, in the county of Middlesex, 
gentleman, " improved processes for coating metals."— Sth August 
1843. 

19. To FnAKcia RcuBiLLiAO OoxDiB, of Higbgate, in tbe county of 
Middlesex, civil engineer, being a communication from abroad, " iir— 
provements in the cutting and shaping of wood, and in the machinery 
lor that purpose." — 9th August 1843. 

30. To Thokab EABii of DrvpovALS, of fiegent's Fork, in the 
county of MiddlMes, "improvements in ttie rotatory or revolving en- ' 
gines, and in apparatus conneoted with steam-engines, and in propelling 
vewels."— 10th August 1843. 

21. To Sakvel Eccles, of Huhne, in the counfy of Lancaster, 
machinist, and Matthbw Cub«s, of Chodton-upon-Medlock, in tbe 
said county, machinist, " certain improvement* in loons lot wearing."— 
10th Angait 1313. 
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22. To FaKlTBLi, Alluait, of 9 Saliibui; Street, in the Goantj of 
Middlesex, Burve^w, " cerbun unprovementd in apponttoi for the pro- 
dactdon «id ditEiirion of light." — 11th August 1843. 

23. To WiLLiAK Batbb, of Lwceiter, fullet aad droMer, " improTe- 
nents in the drewing and getting up of hociery goodi imd other looped 
fabrics made ttom merino, Umb'a wool, worsted, cotton, ulk, and other 
7arnB."— ISth August 1813. 

24. To John Laisd, of Bitlenhesd, in the codd^ of Chwter, ihip- 
builder, " impHiTementi in the conitraction of iteam and other veiielt." 
~161h August 1813. 

25. To GSESOBT Sbalb Waltxsb, of Coleman Street, in the CSty of 
London, merchant, being a coramunicatioii from abroad, " improTemenis 
in the mannfoctuie of chlorine Euid chloridei, and in obtaining tiie oxidee 
and peroxidei of manganese in the reiidnaiy liquidB of luch manufac- 
ture."— 16th Aupiat 1843. 

26. To John Barkbs, of Church, in the con&tr of Laneait«r, mann< 
facturing chemist, and JoHV MebozB, of Oakenshaw, in the county of 
Lancaster, calico-printer, "certain improvements in the manufacture of 
articles used in printing and dying cotton, tilk, wooUeo, and otlier fi^ 
HcB."— 19th August 1343. 

27. To JoHS BtTBKS SmCH, Ute of SaUbid, in the county FaUtine of 
Lancaster, but now of Stockport, in the county of Chester, cotton- 
spinner, " cerbuu improvemeuti in macbincty, for preparing, carding, 
roving, and spinning cotton and othw fibrous substances." — Slrt August 
1843. ■ ■ 

28. To Jakks Ovebskd, of Liverpool, in the county of I^noaster, 
gentleman, being a communication from abroad, "improvement* in 
printing hbt'tei with metallic matters, and in finuhing silk and other 
fabrics."— 22d August 1843. 

29. To JoHK Wood, ofParkfield, Birkenhead, in the county of Ches- 
ter, merchant, " certain impcovenients in machinery or apparatus for af- 
fording additional or artiScial buoyancy to sea-going and other vesieh, 
or for lessening their draught of water, and which said improvements 
are also applicable to raising vesBela or other heavy bodies, and tat se- 
curing or supporting the saioB." — 23d August 1843. 

30. To William Wtlam, of the borough and county of Newcastle- 
upon-Tyne, merchant, being a. communication &om abroad, "an artifi- 
cial composition, which, variously modified, may be applied in preparing 
fuel frova coal and other substances, or as a cement, or as a substitute 
for stone, or as a coating'formetalsand other substances." — 28th August 
1843. 

31. To Jaubs GbeehShields, of Monteith Row, Glasgow, gentle- 
man, " improvements in the manufacture of compositions for covering 
roads, streets, and other ways and surfaces, and in rendering fabrics 
waterproof, to be used for covering buildings, bales, packages, and for 
otlier useful purposes."— 31 st August 1843. 
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33. To Claude Edtard Dsutscus, of PriCourt'e Hotel, St Martin's 
Lone, in the countf of Middlesex, gentlenuui, being a connnunication 
from abroaci, " improvements in combiniog materiale to be uaed for Ce~ 
tnenting purposes, and for preventing the pasH^e of fluids, And also for 
forming or ooQttructing articles from each composition of matetiala." 
— 3l8t Angost 1813. 

33. To WiLLiAic WiLBOir, John Steedhoi.uk Bbownbigo, Jobk 
COCXBBBL, and Sir Geobob Qebakd dz Hochapich Larpekt, Ba- 
ronet, all of Belmont, in the Wandsworth Road, in tiie parish of Lam- 
beth, in the couotj of Surrey, patent cocoa-nut, candle, and oil manu* 
t^kcturers, and cocoa-nut oil merchaots, the assigneeB of James Soaines 
junior, of Wbeeler Street, Splttalfields, in the conntj of Middlesex, soap- 
maker, of an extension of three years, from the 17th December next, of 
a patent granted to the said Jambs Soambb junior, for " a new pre- 
paration or manu&ctuTe of a certain material produced from a vege- 
table substance, and the application thereof, to the purposes of afford- 
ing light and other uses." — 31st August 1843. 

31. To AxEXAKDBB Speabs, of Glasgow, merchant, beingacommmtl- 
cation fromabroad, " improvements on, orappertuning to glass-bottles, 
proper for wines and other liquids." — 7th September 1843. 

35. ToFbedbickSteineb, of Hyndbum Cottage, near Accrington, 
in the county of Lancaster, turhey-red dyer, being a communication 
from abroad, " a new manufactnre of certain colouring matter, com- 
monly called ' Garancine." " — 7th Sept^ber 1813. 

36. To "William Kekwobtht, of Blackburn, in the coun^ of Lan- 
caster, cotton-spmner, " certain improvements in machinery or appa- 
ratus, called beaming or warping machines." — 13th September 1813. 

37. To Lemuel Wellmah Wbioht, of Wrexham, in the county of 
Dentngh, North Wales, engmecr, " certun improvements in machinery 
or apparatus for bleaching varioua ^>rous substances, and is in pos- 
session of improvementa in machinery or apparatus for converting or 
manu&cturing the same into paper," being partly of bb own invention, 
and partly communicated by a foreigner residing abroad. — 20th Septem- 
ber 1813. 
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Adie, B.. Esq., of Liferpool, his acconnt of experiments with thermo- 
and hydro-electricid currents, with an examination of the metaU 
exposed to thermo-electrical action, 346. 

Agaasiz, Louis, Dr, a period in the historjr of oni: planet, 1. 

- Report, by M. E, Desor, of his, Mr Agasaiz', kte researches 

on glaciers, 290. 

Ancient sea-levels, lines of, 121. 

Artesian wells considered, hj Admiral Sir David Kilne, 79. 

Arts, decoratiTe, observations on, by C. H. Wilson, Esq., 269. 

Arts, Boyal Scottish Society of, its Proceedings, 377. 

Avanturine-glasa, composition of, by Professor F. Wdhler, 313. 

Aurora Borealis, observations on the, in N^orway, 384. 

Balfour, Edward, Assist ant -Surgeon, H.E.I.C.S., on the migratory 

tribes of natives in Central India, 29. 
Barbadoes, oI)servation8 on its temperature and hygrometric state, 

by Robert Lawson, Esq., assistant-surgeon 47Ui regiment, 57. 
Barry, Martin, Dr, on fissiparous generation, 205.— The cells in the 

ovum compared with the corpuscles of the blood, &c., 320. 
Beaches, raised, observed in Scotland, some account of, 278. 
Bivalve molluscous animals, considerations regarding their compara- 
tive normal position, by M. Alcido D'Orbigny, 162. 
Buch, Baron von, on the forms assumed by granite and gneiss at the 

surface of the earth, 316. 
Buckley, S. B., AJ4., notice of the discovery of a nearly complete 

skeleton of the Zygodon of Owen, in Akbama, United States, 

America, 77. 

Carpant«r, W. M., FrofeBsor, on the methods in common use of ob- 
taining the mean tamperatnre of places, &c., 63. 

Cavern, freeiing, at Orenburg, its phenomena explained by Dr Hope, 
191. 

Cirripeds, tlieir sexes, organs of reproduction, and mode of develop- 
ment considered, by H. D. S. Goodsir, Esq., 88. 

Coal, theory of its formation i American and European evidence 
oomptu^, 117. 
-rOL. XXXT, MO. LXX, — OCTOBER 1843. 2 ■ 



D„:,iP<.-jM,G00glc 



406 Index. 

Comparative level of lakes and eeas, aa the Caspian, Lake Aral, 
Black Sea, Bed Sea, Mediterranean, Lake Tiberias, Dead Sea, 
Atlantic, Pacific, &c., by Baron Humboldt, 323. 

Connell, Arthur, FrofesBor, on the chemical constitution of Philip- 
site, or lime harmot«ine, 374. 

Corals, their distribution m limited by temperature, 340, — ^Areas of 
subsidence in the Pacific as indicated by the distribution of coral 
islands, 341. 

Daylight, continued, within the Arctic Circle, 190. 

Daubeny, Dr, F.R.B., &c., on the quantity of salt in sea-water, m 
determined by tho examination of specimens collected in a voy- 
age from Southampton to New York, 65. 

Examination of apecimcna of sea-water, coUecteil from dif- 
ferent localities, 66. 

Desor, M. £., his report of the researches of M. Agassiz during his 
last two sojourns at the Sotel-des-Keuch&.telois, upon the lower 
glacier of the Aar, in the years 1841 and 1842, 166, 290. 

Diorama, a portable one, further observations on, described by Mr 
Tait. 53. 

D'Orbigny, Alcide, his observations on the comparative normal posi- 
tion of bivalve molluscous animals, 162.— -On the palceontology 
of South America, 362, 

Earthquake-shocks, notices of, felt in Great Britain, and especially 
in Scotland, with inferences suggested by these notices as to the 
causes of the shocks, by David Milne, Esq., F.R.B.E., &o., 137, 

Edentata, order of, summary of its extinct and living species, by 
Professor Owen, 363. 

Forbes, James, Professor, attempt to explain the leading phenomena 
of glaciers, 221. 

Generation of the Polygastric Infusoria, observations on, 186— ^ssi- 

parous, observations on, 206, 
Geological Society of London, its chief aim, 136. 
Geology of the island of Little Boss, Kirkcudbrightshire, described 

by Thomas Stevenson, Esq., civil-engiiieer, 83, 
Glacier! Lower, of the Aar, described by Desor from Agassiz, 166, 

290. 
Glaciers, the leading phenomena thereof, explained by Professoi' 

Forbes, 221. 

— , Mr Hopkins on the cause of their motion, 386. 

, their agency in transporting blocks, 389. 

Glow-wortn, the cause of its light, 395. 

Goodsir, H. D. S. Esq., on the sexes, orpins of reproduction, and 
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GetochtluB, &c. 336. 
.QnniM, (^ tbeformsltMsainMkt tluBoAoaof thoflw^ 816.' 

Hamilton, Sir William, Bart., his historical notices in re^rdto the 
diatinotion of norres and nerroiu filuawts into inotiT* ilii um- 
■itiva ; and in i^ard to tho pMuliwitf of foneiion, and abso- 
lute isolation of tha ultimate nerroua filaments, 87< 

Hares, identity of Irish and Alpine, 307. 

'Harmotome (lima), or Fhilipeite, ita ebemieol omititntlmi temriimi, 
by Professor Connell, 375. 

Hematozoarf animals in the blood of a dog, 393. 

Hope, D. T„ Esq., on wood-paving, 25:2. 

Hope, J. C, Dr., his attempt to explain tha phenomena of the treet' 
tng cavern of Orenburg, 191. ,. . 

ilopluns, Mr, on glacier motion, 386. — On erratic blocVs, 388. 

Humboldt, Alexander, Baroti, on the comparative level of- lakes and 



Infusoria, poljgastric, their mode of generation, 18S. 

Johnston, James, Esq., experiments on the explosive force of oxygeii 
and hydrogen gases, 160. 

Lakes and seas, their levels considered by Baron Humboldt, 323. 
Lawson, Robert, assistant-surgeon 47th. Beglment, on the tempera^ 

ture and hygrcmetric state of the atmosphere of the Island of 

Barbadoes, §7. 

Macloren, Charles, Esq., F.B.8.E., his remarks^ on natural ^TTV9 
or raised beaches observed in the course of the river. Tay, 
278. 

Magdalena Bay in Spitzbergen, described, 195. 

Mostodontoid and Megatherioid animals, observations on, 128.- 

Maiton, John, F.R.8.S.A., description of o self-acting stt^per, 61.' 

— ^— ~- John, description of improved long slide-valve lOr condensing 
engines, 361. 

Mean temperature of plooes, methods of detonmning, by Frofenor 
W, M. Carpenter, 63. ' 

Meteorological tables for 1813, 178. 

Milne, Admiral Sir David, on artesian wells, 79. 

David, Esq., F.R.S.E., on earthquake shocks, &c., 137. 

Mitchell's improved water-meter described, 48. 

Mui-chison, B. J., Esq., observations on Permian system of rocks. 
Theory of the origin of coal. Lines of ancient sea-lerels. On 
MastodontCHdal animab ; and on the aim of tka Geolo^eal So- 
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eiflty of London, 116. — On the Permian sTstem int>ennan7, 
&o., 390. 
Owea, ProfesBor, on the generation of the PolTgastricInfaBom, 185. 
— Od the living and fossil species of the order Edentata, 363. 

Patents for inventions granted for Scotland, from 23d March to 33d 
June. 1843 inclusive, 202,— and from 23d June lo 23d Sep- 
tember, 401. 

Paving, wood, observations on,.b]r T. D. Hope, Esq., 262. 

Phosphorescence, a new kind, observed among certain Annleides and 
Ophiuridie, hj M. Quatrefagea, 104. 

Publications, new, received, 199, 397. 

Qnatrefsgos^ M., on a new kind of phosphorescence, 104. 

Baised beaches or natural terraces in the course of the Tay described, 
278. 

Scandinavia, on the rise of its coast, 392. 

Sea-water, the quantity of saline matter contained in it, hy Dr Dau- 

beny, 66. 
, specimens of, from different localities, examined by Dr 

Danbeny, 66. 
Seasons of Demerara and Essequibo, 194. 
Sigillsria, Stigmaria, and Nenropteris, observations on, by Mr King, 

of Newcastle, 372. 
Skin, the, its structure in the different races of man, 396. 
Subsidence, areas of, in the Pacific, as indicated bj the distribution 

of coral islands, by James D. Dana, Esq., 341. 

Tartar, examination of, 396. 

T^y, river, its natural terraces described, 276. 

Waves of the sea, experiments on, with the view of verifying the 
property ascribed to oil of calming them, 112. 

Wilson, C. H., Esq., on some of the decorative arts in Germany and 
France, 259. 

W8hler, F., Professor, on the composition of avanturine-glass, 313. 

Wood-paving, observations on, by D. T. Hope, 262. 
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